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1.0 ENGINEERING DEVELOPMENT STUDIES

1.1 HEAT RATE STUDIES (See Figure 1)

1.1.1 Convective and Radiative Heat Transfer Distribution for Basic Con-

fi guration

This section outlines the tests to be conducted in various shock tube facili-
ties to determine the radiative and convective heat transfer to the reference
configuration. The tests shall include determination of the effect of shape
change on heat transfer distributions due to ablation and resulting angle-
of-attack variations,

The first phase of this task will involve the measurement of cold-wall heat
transfer rates on the ''clean' reference configuration. These experiments
shall be conducted in both the Avco RAD 6-1/2-and-1-1/2-inch shock tubes
and shall provide convective heat transfer distributions in the windward-
leeward plane, and around the body at a stagnation-point simulated velocity
of 11, 000 ft/sec. All models shall be instrumented with either calorimeter
or thin film heat transfer gages.

A series of experiments shall be designed to investigate the importance of
the radiative energy transport to the body as a function of simulated velocity.
Either infrared or other heat transfer gage techniques shall be employed
for these measurements. The simulated velocity and altitude regimes

over which radiative heating introduces significant contributions to the total
heat transfer to the vehicle shall be determined. The primary convective
heat transfer program shall be continued from 28, 000 ft/sec upward in
velocity to the radiative threshold. Measurement of the radiative heating
component only as a function of velocity shall continue up to 38, 000 ft/sec.
Knowledge of the radiative component of the heat transfer as a function of
velocity together with spectral measurement of the surface absorptivity of
the platinum heat transfer gage shall enable isolation of the radiative and
convective contributions to the total heat transfer to the vehicle,

In addition to the above, the program will experimentally determine the
effect on heat transfer distributions of shape changes due to ablation and
resulting angle-of-attack variations. These investigations will be conducted
in the Avco RAD 1-1/2-and-4-inch shock tubes. For example, variations

in the corner seometrv and their affart Aan convectiva hanting a2t vawinita
S R0 LOIACT BeOmMeElry anc 1afir Sliecti on conveciive neaiing at various

angles of attack will be investigated, Other shape variations as required

ha cmemoldawad
(o]

sy e s =11
as the Program progresscs iis D€ COIisia&éreq.

The testing began in May and shall be concluded in August. The test program
detailed in Table I is intended to provide experimental data to aid in the
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development and verification of the required analytical techniques. These
tests are intended to provide aerodynamic and radiative heat transfer distri-
butions over the velocity and altitude ranges covered by the trajectories
presently under consideration.

Runs 1 to 5 refer to Table I, are necessary since, at present, the aerody-
namic heating distribution is correlated in terms of the zero angle of attack
at stagnation-point value and, hence, an experimental comparison is desir-
able.

Runs 6 to 30 are to give the complete aerodynamic heating distribution at
an angle of attack of 33 degrees. While the operating conditions do not
simulate the trajectories being considered, they do provide basic data which
will be checked at the flight conditions of interest (see, for instance, runs
31 to 78).

Data on runs 79 to 97 are to be obtained using a total (aerodynamic plus
radiative) heat transfer gage at zero angle of attack at the stagnation point.
These measurements are important for the purpose of correlating the angle-
of-attack measurements. This type of gage is relatively new, and it is
therefore very important to test initially under conditions where existing
theories are applicable. These tests and subsequent total heating measure-
ments will cover the range of flight conditions wherein the radiative contri-
bution is expected to be significant,

Following these tests, angle-of-attack measurements will be made (33
degrees) to obtain the total heating at the stagnation point, on the blunt face,
and on the windward side of the aftercone (runs 98 to 116).

Experiments will also be made using a coated total heat transfer gage which
will measure only the radiative contribution (repeat of runs 98 to 116). No

attempts will be made to determine the radiative spectrum.

1.1.2 Shape Parametric Studies {(Changes Due to Ablation)

The remainder of Table I is concerned with a parmeter study simulating
the effects of ablation (changes in shape) and also small variations in angle
of attack, The angle-of-attack range will be + 5 degrees. For the ablation
effect study, variations in corner radius only will be examined (corner
radius = 0.05, 0,10, and 0.15 blunt face diameter). This variation is
expected adequately to simulate the shape changes.

-2-
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1.2 MATERIALS PERFORMANCE TESTS (See Figure 2)

1.2.1 Ascent Heating Materials Performance Tests

The ablation performance of proposed Apollo forebody (conical) heat shield
materials during ascent shall be determined by testing specimens of these
materials under simulated ascent heating conditions, The low enthalpy
(10< H/RT, < 100) plasma arc shall be utilized for these tests.

The plasma arc tests shall simulate ascent heating conditions as closely
as possible. All tests shall be of the laminar splash nature. A description
(for example, thickness) of the char layers formed shall be determined.

Estimates will be made of the amount of char which will be formed on
ascent, If char forms, some specimens shall be tested in the high enthalpy
air arc to determine its stability. The data shall be compared to design
analysis.

1.2, 1.1 Material -~ Reference X5026

These tests began in May 1962 and shall continue through July 1963 as
dictated by preliminary results and design requirements.

a. Test description

The following is a preliminary listing of test conditions and num-
ber of specimens for ascent heating materials response tests.

Class of Test I% TI%k%

Heat flux

Btu/fté-sec 20 20 50 100 200 300
H/RT, 100 10 30 60 75 100

Duration of Test
seconds 20 20 20 20 10 10

Number of Specimens
{(Uninstrumented) 60 8 8 8 8 8

Number of Specimens
(Instrumented) 5 7 7 7 7 7

*Screening evaluation of ablation properties.

**Comprehensive evaluation of ablation properties.

-10-
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b. Specimen description

Each specimen consists of a 3/4-inch diameter cylinder of heat
shield material about 2 inches in length. A silicone rubber coat-
ing about 1/4-inch thick is used to prevent side heating. A micarta
holder is bonded to the rear of the specimen to facilitate mounting
in the arc.

c. Specimen instrumentation

Each instrumented specimen contains three internal thermocouples
located at various depths. In addition a 1/16-inch steel plate is
bonded to the rear surface of the specimen and contains one ther-
mocouple located in the center.

1,2,1.2 Material -- X5019

These tests began in May 1962 and shall continue through March 1963
or as dictated by preliminary results and design requirements.

a. Test description

The following is a preliminary listing of test conditions and num-
ber of specimens for the ascent heating materials response tests.

Class of Test I II

Heat flux 20 20 50 100 200 300
Btu/fté-sec

H/RTO 100 10 30 60 75 100
Duration of Test 20 20 20 20 10 10
seconds

Number of Specimens 10 6 6 6 6 6
(Uninstrumented)

Number of Specimens 3 2 2 3 3 3
{Instrumented)

-11-




R
b. Specimen description
Same as 1,2.1.1-b.
c. Specimen instrumentation
Same as 1.2.1. 1-c.
1.2.1.3 Material -- Avcoat II

These tests will begin in June 1962 and continue through February 1963
or as dictated by preliminary results and design requirements.

a. Test description

The following is a preliminary listing of test conditions and num-
ber of specimens for the ascent heating materials response tests.

Class of Test I , I

Heat flux 20 20 50 100 200 300
Btu/ft2-sec

H/RT, 100 10 30 60 75 100
Duration of Test 20 20 20 20 10 10
seconds

Number of Specimens 5 5 5 5 5 5
(Uninstrumented)

Number of Specimens 2 2 2 2 1 1
(Instrumented)

b. Specimen description
Same as 1.2.1.1-b.

c. Specimen instrumentation
Same as 1.2.1.1-c.

1.2.1.4 Material -- Adhesive Bonds, Second Generations, and Pro-
duction Lot

-12-
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a, Test conditions

Depending on the materials involved, these tests will employ con-
ditions listed above. Forty specimens will be tested as shown in
the schedule (see figure 2).

b. Specimen description

Same asitem 1.2,1, 1-h.

c. Specimen instrumentation

Same as item 1.2.1.1-c.

1.2,2 Screening Tests -- Stagnation Point -~ First Pulse

The high heat flux, high enthalpy heating pulse on the afterbody of the Apollo
vehicle shall be simulated, as closely as possible, on the Model PG 500
plasma arc facility, Under these simulated conditions, the ablation and
thermal insulating properties of proposed Apollo afterbody materials shall
be determined. Surface brightness temperatures as determined by a re-
cording optical brightness pyrometer shall be obtained. Descriptions of

all char layers (for example, thickness versus enthalpy and estimate of
shear forces) shall be included.

Results from the low and high enthalpy Model 500 arcs will be correlated
with OVERS arc data.

-1,2.2.1 Material -- Reference Avcoat 5026

This screening began in May 1962 and shall continue as dictated by de-
sign requirements.

a, Test description
The following is a preliminary listing of test conditions and num-~

ber of specimens for the material screening tests. The test con-
ditions will be verified at a later date. All tests will be conducted
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Class of Test I I

Heat Flux 1200 1200 1200 1000 700 700 700
Btu/fté-sec

H/RT, 300 200 300 200 250 200 100
Duration of Test 10 10 10 10 10 10 10
seconds

Number of Specimens 52 8 8 8 8 8 8
{(Uninstrumented)

Number of Specimens 7 7 7 7 6 6
(Instrumented)

b. Specimen description

Each specimen is a 3/4-inch diameter cylinder having a nominal
length of 2 inches. A silicon rubber coating (on sides of specimen)
will be used to prevent side heating of the specimen. A micarta
tube will be bonded to one end of the specimen for support of the
sample and protection of thermocouple leads when instrumented
samples are evaluated.

c. Specimen instrumentation

Samples evaluated in class I tests in the Model 500 arc will have
no thermocouple instrumentation, Class II tests will have both
uninstrumented and instrumented samples. The instrumentation
will consist of three internal thermocouples (located at various
positions from the heated surface). A single thermocouple will be
located in a 1/16-inch (3/4-inch diameter) steel disc bonded to the
backface of the sample., Surface temperature, total radiation,
and ablation characteristics shall be determined for each sample
in addition to the internal temperature data (if any).
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d. Model 500 arc (High heat flux test)

1962
> May June July Aug Sep Oct Nov

X5026 10 20 20 20 10 10 10
X5019 5 10 10 5 5 5 4
Avcoat I1 5 10 10 5 2 2
Second Generation 5
and Production Lots
Fasteners and Bonds 5 5

1962 1963

Dec Jan Feb Mar Apr May June
X5026 5 5 5 5 5 5 5
X5019 3 3 3 2
Avcoat II 2 2 2
Second Generation 5 2 5 2 5 2
and Production Lots
Fasteners and
Bonds

1,2,2.2 Material -~ Avcoat 5019

This screening began in May 1962 and shall continue as dictated by
design requirements,

a, Test description

The following is a preliminary listing of test conditions and num-
ber of specimens for the material screening tests., The test con-
ditions will be verified at a later date. All tests will be conducted
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Class of Test I I

Heat Flux 1200 1200 1200 1000 700 700 700
Btu/fté-sec

H/RTO 300 200 300 200 250 200 100
Duration of Test 10 10 10 10 10 10 10
seconds

Number of Speci-| 10 5 5 5 5 5 5
mens

{Uninstrumented)

Number of Speci- 3 3 3 3 3 3
mens

(Instrumented)

b. Specimen description

Same as 1,2.2.1-b.

c. Specimen instrumentation

Same as 1,2.2, 1-c.

1.2,2.3 Material -~ Avcoat II

This screening shall begin in June 1962 and continue as dictated by

design requirements,

a. Test description

The following is a preliminary listing of test conditions and num-

ber of specimens for the material screening tests.
ditions will be verified at a later date.

using air,

-16-
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Class of Test I II

Heat Flux 1200 1200 1200 1000 700 700 700
Btu/fté-sec

H/RT, 300 200 300 200 250 200 100

Duration of Test 10 10 10 10 10 10 10
seconds

Number of Speci- 6 4 4 4 4 4 4
mens
(Uninstrumented)

Number of Speci- 2 2 2 2 1 1
mens
(Instrumented)

b. Specimen description
Same as 1.2,2,1-b.

c. Specimen instrumentation
Same as 1.2.2.1-c.

1.2.2.4 Second Generation Materials, Fasteners, and Bonding
Materials

These specimens will be tested under the conditions for these mate-
rials as outlined in paragraphs 1. 2.2.1 through 1.2.2.3.

1,2.3 OVERS Screening Tests

Screening tests on the proposed Apollo heat shield ablative panels shall be
conducted on the OVERS facility with two basic objectives: (a) To deter-
mine experimentally the amount of ablation and char-layer propagation
that will occur, and (b) to compare the ablation performance of the various
Apollo materials, Arc-operating conditions and time duration of tests shall
be selected to simulate the average enthalpy and heat flux and total inte-
grated heat input to the heat shield at various points on the forebody and
afterbody of the Apolio vehicle for the trajectories of interest. Specimens
of each material shall be instrumented with thermocouples to obtain back-
face temperatures and to enable identification of a temperature range with
onset of charring, Approximately 10 percent of the samples will be

-17-
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instrumented with three internal thermocouples, the data from which will

be analyzed using Avco RAD-developed computer techniques, The depth

of char-layer penetration shall be determined for all specimens by section-
ing them after the arc tests. Both length change and weight change of all
specimens shall be recorded. The surface brightness temperature of speci-
mens shall be obtained with a recording optical brightness pyrometer.

The nature of the char layer shall be qualitatively described.

1.2,3,1 Material -- Reference Avcoat X5026

This screening shall begin in May 1962 and continue as dictated by de-
sign requirements.

a, Test description
The following is a preliminary listing of test conditions and num-

ber of specimens for the materials screening tests. The test con-
ditions will be verified at a later date.

Heat Flux* 20 50 100 150 200
Btu/ft2-sec

150

200
H/RT* 300 200 300 300

450 450 450 450

Duration of Test
minutes 5to20 5tol0 5to 10 5 to 10 5to 10
Number of Speci- 15 20 25 50 40
mens
(Uninstrumented)

Number of Speci-
mens
(Instrumented)

*Gas enthalpy and stagnation pressure will be adjusted to give the heat flux.
b. Specimen description
Each specimen consists of a 3/4-inch diameter center core in-
serted in a 1-1/2-inch diameter guard ring of the same material,

The samples are nominally 1 inch long. A 0.005-inch gap be-
tween the cylinder and guard ring in which gas stagnates during
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C.

heating serves to prevent side heating and ensures one-dimen-
sional heat flow on the heated specimen surface.

Specimen instrumentation

Each specimen will have a 3/4-inch diameter, 1-1/16-inch thick
stainless steel disc bonded to the rear surface.
couple will be located in the center of the disc.
ture and total radiation will be determined using pyrometers and

thermopiles during every test.

face will be made of each specimen,

A single thermo-
Surface tempera-

Motion pictures of the heated sur-

d. OVERS testing schedule
1962
May June July Aug Sep Oct Nov Dec
Screening
Avcoat X5026 20 70 50 10
Avcoat X5019 20 30 25
Avcoat I1 10 10 5
Second Generation 10 10 10 10 10
Fasteners and Bonds 10 10 10
1962 1963
Nov  Dec Jan Feb Mar Apr May June
Production Lots 4 4 4 4 4 4 4 4
Second Generation 10 10
1963 1964
July Aug Sep Oct Nov Dec| Jan Feb Mar
Production Lots 4 4 4 4 4 4 4 4 4
1964
April May June July Aug.
Production Lots 4 4 4
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1.2.3.2 Material -- Avcoat X5019
Screening tests on this material will begin in June (see figure 2),
a. Test description

The following is a preliminary listing of test conditions and num-
ber of specimens for the materials screening tests. The test con-
ditions will be verified at a later date,

Heat Flux

Btu/fté-sec 50 150 200

H/RTO 400 400 300
600

Duration of Test 5to 10 5to 10 5 to 10

minutes

Number of Specimens 20 20 35

b. Specimen description
Same as item 1,2.3,1-b.
c. Specimen instrumentation
Same as item 1.2.3,1-c.
1.2.3.3 Material -- Avcoat II
Screening tests on this material shall begin in June (see figure 2).

a, Test description

The following is a preliminary listing of test conditions and num-
ber of specimens for the materials screening tests. The test
conditions will be verified at a later date. *

Heat Flux

Btu/ftZ-sec 20 50 150
H/RTo 150 400 400
Duration of Test 5to 10 5to 10 5to 10
minutes

Number of Specimens 12 7 6
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b. Specimen description
Same as item 1,2, 3, 1-b,
c. Specimen instrumentation
Same as item 1.2, 3, 1-c.

1.2.3.4 Second Generation Materials, Fasteners, and Bonding
Materials

These specimens will be tested under the conditions for these mate-
rials as outlined in paragraphs 1.2. 3.1 through 1. 2, 3, 3.

4 Determination of Thermal Diffusivity and Surface Chemistry

1.2,4.1 Effective Thermal Properties

Ablation tests shall be conducted in the OVERS plasma arc facility on
several Apollo heat shield materials to determine (a) surface tempera-
ture and emissivity of the material, (b) rate of propagation of char
layer, and (c) effective thermal properties. During much of the Apollo
heating trajectory, the heat flux is low (less the 100 Btu/ft2-sec),while
the.gas enthalpy is about 10,000 Btu/lb (H/RT, = 300). These condi-
tions shall be simulated by the OVERS facility., For these heating con-
ditions, the heat shield surface recodes very slowly. As a consequence,
quasi-steady-state conditions cannot be obtained and the conventional
analyses in which quasi-steady state is assumed are no longer valid.
These heating conditions also permit much deeper penetration of the
char layer than higher heating conditions,and thus,the heat shield mate-
rial absorbs the greater part of the heat internally rather than the sur-
face ablation phenomena. For these reasons, it is necessary to per-
form experiments for these low heating conditions and to analyze the
experiments without assuming quasi-steady state. Transient analyses
are to be made and are described below. Some uninstrumented (no
thermocouples) samples are to be run, but most are to be instrumented,
with four thermocouples each.

a. Determination of the surface temperature and emissivity of

material as a function of time, enthalpy, and heating conditions

The surface temperature is transient and can vary substantially
with the heating conditions. While determining the surface tem-
pPerature, the emissivity isfalso obtained as a function of surface
temperature, enthalpy, and heating conditions. Both the surface
temperatures and the emissivity values so obtained are needed for

design calculations.,
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The surface temperature and emissivities shall be determined by
three established methods: (1) surface brightness temperatures
measured by a recording brightness pyrometer, (2) use of internal
temperature histories measured in instrumented samples, and

(3) measurement of total surface radiation with a recording spec-
trograph.

b. Determination of rate of propagation of char layer as a func-
tion of enthalpy and heating conditions

Most of the materials to be investigated char as they are heated.
Charring shows that changes in the composition of the material
have occurred, and thus, their mechanical, thermal, and optical
properties can also change during heating. To choose the best
material adequately and to design the vehicle, it is necessary to
know the depth of penetration of the char layer (or layers), which
is quite deep for these low heating conditions as noted above.

The rate of char propagations shall be determined by (1) utilizing
instrumented specimens, and (2) running uninstrumented speci-
mens for various lengths of time at a given set of arc conditions
and sectioning them afterward to measure the depth of char pene-
tration.

These results shall be correlated by comparing the colors of the
sectioned uninstrumented samples with measured temperatures

of the instrumented specimens, The measured temperature his-
tories shall be closely examined for abrupt changes in slope of the
temperature histories which may be related to certain charring
phenomena, The colors in the char shall be related to the com-
position of the char material as determined by the thermogravi-
metric experiments,

c. Determination of effective thermal properties

Effective thermal properties shall be determined from specimens
instrumented with thermocouples. The information that can be
obtained from instrumented specimens include temperature-vari-
able thermal diffusivity, thermal conductivity, and specific heat.
Digital programs are presently available at Avco RAD for deter-
mining these quantities from transient temperature histories in
heat-conducting bodies. These property values are effective
values, in that they include additional phenomena (if present),such
as chemical reactions and transpiration. Effective properties
shall be found from data obtained covering a range of heat fluxes
and enthalpy conditions to determine whether these effective prop-
erties vary with heating conditions. The values of thermal
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conductivity and specific heat will be compatible with the needs of
the analytical thermal analysis program,

1.2,4.2 Surface Recession Studies

The prediction of surface recession rate requires an understanding of
the controlling ablation mechanisms, Depending on the material and
on the environmental conditions, surface recession may be governed
by oxidation or other surface chemical reaction, by mechanical shear-
ing or erosion of the char layer, by vaporization, or by liquid-layer
runoff, Splash ablation experiments shall be conducted in the OVERS
arc facility and supplemented by Model 500 splash test data and 1-
megawatt pipe test data to shed light on the surface recession mech-
anisms as a function of the re-entry environment.

Samples shall be instrumented, and surface radiation and temperature
shall be monitored to enable approximate energy balance at the sur-
face. Experiments shall be conducted at different levels of oxygen
concentration to study the role of surface oxidation. High-speed
movies shall be analyzed to evaluate uniformity of conditions over the
ablating surface, and the importance of erosion and liquid-layer runoff,

1.2,4.3 Material -~ Reference X5026

This series of tests shall begin in June and continue as dictated by
design requirements.

a. Task description

The following is a preliminary listing of test conditions and num-
bers of specimens for each phase of this program.

Phase A B

Gas Air 100% NZ 60% NZ 40% OZ

Heat Flux

Btu/ft¢-sec 50 to 100 100 200 100 200
200 200

H/RT, i50 300 300 300 300 300

Duration of Test 5to 10 5to 105to 10 5tol0 5tol0

minutes

Number of 24 12 4 4 4 4

Specimens
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b. Specimen description

Each specimen consists of a 3/4-inch diameter center core in-
serted in a 1-1/2-inch diameter guard ring of the same material.

The samples are nominally 1 inch long. A 0.005-inch gap be-
tween the cylinder and guard ring in which gas stagnates during
heating serves to prevent side heating and ensures one-dimensional
heat flow on the heated specimen surface.

c. Specimen instrumentation

Each specimen for phase A (thermal diffusivity determination)
shall contain four thermocouples located at various depths from
heated surface. Surface temperatures and total radiation shall be
determined using pyrometers, thermopiles,and spectrographic
means during every test. Motion pictures shall be taken of the
heated surface of each sample.

d. OVERS testing schedule

1962
X 5026 May June July Aug Sep Oct Nov
Phase A ’ 8 6 4 2
Phase B 4 4 4 4
X5019
Phase A 4 4 4 4 4 4
Phase B 2 2 2 2 2 4
Avcoat
Phase A 2 4 4 4 4 2
Phase B 2 4 2
Total 6 10 22 22 22 10 10
1.2.4. 4 Material -- X5019
Thermal property tests on this material shall begin in June (see
figure 2).

a. Test description

The following is a prelirninary listing of test conditions and
number of samples.
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Phase A B

Gas Air 100% NZ 60 % N» 40% Oz
" Heat Flux 50 100 100 200 100 200

Btu/ft2

300 200

H/RTo 150 300 300 200 300 300

Duration of Test 5to 10 5to 10 5to 10 5t0105tc 10 5to 10

minutes

Number of 10 10 2 4 2 4

Specimens

b. Specimen description
Same as item 1. 2, 4. 3-b.
c. Specimen instrumentation
Same as item 1. 2. 4. 3-c.
1.2.4.5 Material -- Avcoat II
Thermal property tests on this material shall begin in June (see figure 2).
a. Test description
The following is a preliminary listing of test conditions and

number of specimens for the material. The test conditions will
be verified at a later date.

Phase A B

Gas Air 100% N2 60% N2 40% OZ
Heat Flux

Btu/ft2-sec 50 100 100 200 100 200
H/RT, 150 300 300 200 300 200
Duration of Test 5to 10 5to 10 5to 10 5t0i0 5 tolil 51i010
minutes

Number of 8 8 2 2 2 2
Specimens
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b. Specimen description
Same as item 1. 2. 4. 3-b,

c. Speciment instrumentation
Same as item 1. 2.4, 3-c

1.2.5 Laminar and Turbulent Pipe Tests

The 10-megawatt arc facility shall be used to conduct pipe tests (both
laminar and turbulent) to aid in evaluation of thermal stresses, char
strength, and material response to ascent heating.

A transition section from the pipe apparatus to the vacuum system shall be
constructed. The transition section is a prerequisite to the performing of
laminar pipe tests., Calorimeter models of the various shapes tested shall
be constructed to determine the heat fluxes to these shapes under test
conditions. Models shall be instrumented with thermocouples, strain gages,
and displacement gages.

Surface recession, surface radiation, and brightness temperature shall be
recorded as functions of time for splash tests. All specimens shall be
sectioned after test, the depth of char determined, and the char character-
ized. High-speed movies shall be taken of the ablation experiments.

The shear strength of the char layers of the various materials shall be
determined by finding the minimum shear level which will keep a char layer
from forming. Surface recession data shall be compared with OVERS and
Model 500 arc data to determine and evaluate the ablation mechanisms of
importance in these differing environments.

Data on ablation around gaps and steps shall be compared with related data
obtained on other programs to check consistency and to determine whether
previously developed correlations are applicable. The strain and displace-
ment gage and thermocouple data shall be supplied for thermal stress
evaluation.

1.2.5.1 Reference -- Avcoat 5026-22

Testing of this material shall begin in June 1962 and continue as
required by design considerations.

a. Test description

Tests shall be of two types:
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1) Pipe tests

To aid in thermal stress and char strength determination,

2) Splash tests

To aid in evaluation effects of cutouts and protuberances on
material performance.

The following is a preliminary listing of test conditions and number
of specimens for these two types of test. These test conditions
shall be verified at a later date and shall be strongly influenced by
preliminary results.

Heat Flux 100 300 600 1000

Btu/ft¢sec

H/RTo 50 50 50 50
200 350 200
350 350 350

Duration of Test, 5 2 1 1/2

m famaha -
Liiriiviens o

Number of

Specimens
Pipe 10 6 6 10
Splash 8 6 6 8

b. Specimen description

1) Pipe samples shall be 5 to 15 inches long, with a 1-1/4-
inch ingide diameter and a 2-1/2-inch outside diameter,
Samples shall be bonded to a 1/16-inch thick stainless steel
outer sleeve. The ends cof the pipe test samples shall be
machined so as to fit in the 10-megawatt pipe test rig and give
an adequate seal.

2) Splash samples shall be about 6 inches in diameter. The
geometry of the splash sample shall vary depending on the
vehicle location of the section of heat shield under test.
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c. Specimen instrumentation

1) Pipe tests

The specimens shall be instrumented with six thermocouples
located at various depths from the inner pipe wall. A single
thermocouple shall be located in the center of the outer stain-
less steel sleeve, One-half of the specimens shall be instru-
mented with several strain gages, the number and location to
be determined.

2) Splash tests

The specimens shall be instrumented with six thermocouples
located at various depths from the surface and in the vicinity
of the cutout or protuberance of interest. A thermocouple
shall also be placed in the center of the backup material
behind the cutout or protuberance. Surface brightness tem-
perature and total radiation shall be determined using pyrom-
eters and thermopiles during every test.

d. Ten-megawatt testing schedule

1962 1963
May June July Aug Sep Oct Nov Dec|Jan Feb Mar Apr
Pipe
X5026 4 6 8 6 6 2
X5019 2 3 2 1
Avcoat II 1 2 2 1
Second Generation 1 3 4 2
Adhesive Bonds 2 4 6 4 3 1
Production Lots 2 4 | 4 4 4 4
Splash
X5026 2 4 8 2
X5019 3 6 4 2
Avcoat II 1 1 2 1
Adhesive Bonds 2 6 10 10 8 4
Second Generation 3 4 2
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May June July Aug Sep Oct Nov Dec

1962

1963

Jan Feb Mar Apr May June July

Pipe

Produc- 4 4 4
tion

4 4 4 4 4 |4 4

Lots
1.2.5.2 Material -- Avcoat II
Items 1. 2.5.2-a-d are same as items 1. 2. 5. 1-a-d except for the
following:
Heat Flux, 100 300
Btu/ft%sec
H/RT, 50 50
200 350
350
Duration of Test, minutesl 5 2
Number of Specimens
Pipe 4
Splash 3
i.2.5.3 Material -- Avcoat 5019
Items 1. 2. 5.3 a-d are same as items 1. 2. 5.1 a-d except for the
following:
Heat Flux, 100 300 600
Btu/ft%sec
H/RT, 50 50 50
200
350 350 350
Duration of Test,
minutes 5 2 1
Number of Specimens
Pipe 7 2
Splash 15 8
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1.2.5.4 Material -- Adhesive Bonds

Testing of this material shall begin in June 1962 and continue as
required by design considerations.

a. Test description

Tests shall be of two types:

1) Pipe tests

To evaluate adhesive performance as to bond temperature
stability ablation characterisitcs when exposed, and bond
adhesion under thermally induced stresses.

2) Splash tests

Same objective as pipe tests with addition of factor of evalua-
ting effect of cutouts and protuberances on material
performance.

The following is a preliminary listing of test conditions and number
of specimens for these two types oftests. These test conditions
shall be verified at a later date and shall be strongly influenced by
preliminary results.

Heat Flux, 100 300 600 1000

Btu/ft2sec

H/RT, 50 50 50 50
200 200
350 350 350 350

Duration of Test,
minutes 5 2 1 1/2

Number of Specimens

Pipe 6 4 4 6

Splash 12 8 8 12
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1.2.5.5 Material -- Second Generation

Items 1.2.5.5 a-d are same as items 1, 2.5, 1 a-d except for the
. following:

Heat Flux, 100 300 600 1000

Btu/ftésec

H/RT, 200 200
350 350 350 350

Duration of Test, 5 2 1 1/2

minutes

Number of Specimens

1.2.5.6 Material -- Production
Testing of production tiles shall begin in November 1962 and continue
through the production of the eighth vehicle. Approximately 10 percent
of producticn shall be sampled for testing.

a. Test description

Tests shall be pipe tests to check material ablation performance.

The following is a preliminary listing of test conditions and
number of specimens; they shall be verified at a later date.

Heat Flux, 100 300 1000
Btu/ft2sec
H/RT, 50
350 350 350

Duration of Test,
minutes 5 2 1
Number of Specimens

Pipe 20 20 40
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b. Specimen description

Pipe samples shall be 5 inches long with a 1-1/4-inch inside
diameter and a 2-1/2-inch outside diameter. Samples shall be
bonded to a 1/16-inch thick stainless steel outer sleeve. The ends
of the pipe test samples shall be machined so as to fit in the 10-
megawatt pipe test rig with an adequate seal.

c. Specimen instrumentation

Specimen shall be instrumented with two thermocouples located in
the outer stainless steel sleeve.

1.2.6 Measurement of Transmittance, Reflectance, and Emissivity

The optical properties (transmittance, reflectance, and emissivity) of
proposed Apollo heat shield materials shall be measured experimentally.
The purpose of these measurements shall be to obtain the necessary
physical properties for calculations of (1) surface temperature of the heat
shield during its flight through space, and (2) internal radiation in the heat
shield during ascent, space flight, and re-entry. The measured optical
properties shall also aid in the calculation of the surface temperature of
the heat shield during re-entry. The measurement to be made, and tasks
to be performed are as follows:

a. Spectral measurement of diffuse reflectance from about 0.2 to 2
microns at room temperature for various thickness of a material,

b. Spectral measurement (0. 2 to 2 microns) of diffuse transmittance
at room temperature for various thickness of a material.

c. Calculation of spectal absorptivity (and emissivity) from the data
obtained in items (a) and (b) above. Emissivity shall be calculated
and compared with the values obtained from the ablation experiment.

d. Measurement of hemispherical emittance as a function of tempera-~
ture, from -80 degrees to as high a temperature as practical. The
results are to be correlated with those of item (c) above, and with
those from the ablation experiments.

e. The ratio of solar absorptivity to hermispherical emissivity
determined for various temperatures from -80 degrees to as high a
temperature as practical when apparatus has been constructed. Con-
struction and checkout shall be the initial phase.
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1.2.6.1 The testing began in May and shall continue as dictated by
design requirements.

a. Test description

The following lists the number of specimens to be tested in each
test for virgin material and char properties determination:

Material Property Number of Specimea
Avcoat X5026 Transmittance 60
Reflectance 60
Emissivity 60
lAvcoat I Transmittance 18
Reflectance 18
Emissivity 18
Avcoat X5019 Transmittance 18
Reflectance 18
Emissivity 18
Second Generation Transmittance 20
Reflectance 20
Emissivity 20
Production Lots Transmittance 20
Reflectance 20
Emissivity 20

Schedule
Avcoat X5026

May June  July

Sep Oct Nov

Transmittance 5 10 10 10 10 5
Reflectance 10 10 10 10 5
Emissivity 5 10 10 10 10 5

Avcoat X5026 {char)

Same as above,
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Avcoat X5019

1962

May June July Aug Sep Oct Nov
Transmittance 2 3 3 3 3 3 1
Reflectance 2 3 3 3 1
Emissivity 2 3 3 3 1
Avcoat X5019 (char), Avcoat II, and Avcoat II (char)
Same as Avcoat X5019.
Schedule
Second Generation

1962

Aug Sep Oct Nov Dec
Transmittance 5 5 3
Reflectance
Emissivity
Second Generation (char)
Same as above.
Production Lots

1962 1963

Nov Dec Jan Feb Mar Apr May June€
Transmittance 1 1 1 1 1 1 1 1
Reflectance 1 1 1 1 1 1 1 1
Emissivity 1 i 1 1 1 1 1 1

1962 1963

July Aug Sep Oct Nov Dec |Jan Feb Mar
Transmittance 1 1 1 1 1 1 1 1 1
Reflectance 1 1 1 1 1 1 1 1 1
Emissivity 1 1 1 1 1 1 1 1 1
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Production Lots

1963
Apr May June
Transmittance 1 1 1
Reflectance 1 1 1
Emissivity 1 1 1

1.2.7 Materials Response to Combined Radiative and Convective Heating
on the Blunt Face

Specimens of proposed heat shield materials shall be subjected to combined
convective and radiative heating tests in the OVERS arc facility. The
thermal response of the materials in these tests shall be compared with
the results of other tests without radiative heating.

About one-half of the specimens shall be instrumented with three internal
thermocouples and one thermocouple in a thin metal plate which simulates
the backup material. The remaining specimens shall have single thermo-
couples in the backup plate. In addition to the internal temperature response,
the surface recession, surface radiation, and brightness temperature shall
be recorded as functions of time during the tests, KEach test shall be termi-
nated when the backface temperature reaches a predetermined value. All
specimens shall be sectioned after testing., High-speed movies shall be
taken of the ablation experiments.

The thermocouple data shall be analyzed to see whether the surface radia-
tion and surface temperature from extrapolated thermocouple data are
consistent (gas radiation may be present). The thermocouple data shall be
analyzed and compared with similar data from runs without radiation
heating to determine if the incident radiation is all absorbed at the surface
or is absorbed in depth.

The effect of the combined radiative and convective heating on ablation rate
24
and char propagation rate shall also be determined. The rate of char

propagation shall be determined as a function of time from internal thermo-

couple readings, and at the conclusion of the test, by sectioning, the speci-

men and measuring the char depth.
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1.2.7.1

Material -- Reference X5026-22

Testing of this material shall begin in July 1962 and continue as
required by design requirements.

a. Test description

The following is a listing of test conditions and number of speci-
mens for the radiative convective tests,

Convective 50 100 150 200
Heat Flux,

Btu/ft2sec

Radiative 20 30 50 70
Heat Flux, 50 100 150 200
Btu/ft?sec

H/RT, 400 400 400 400
Time,

minutes 5 5 5 5
Number of 24 24 24 24
Specimens

b. Specimen description

Each specimen consists of a 3/4-inch diameter center core in-
serted in a 1-1/2-inch diameter guard ring of the same material.
The samples are nominally 1-inch long. A 0.005-inch gap be-
tween the cylinder and guard ring in which gas stagnates during
heating seems to prevent side heating and ensures one-dimensional
heat flow on the heated specimen surface.

c. Specimen instrumentation

Each specimen shall contain three thermocouples located at
various depths from the surface. Each specimen shall have a
3/4-inch diameter,1/16-inch thick stainless steel disk bonded to
the rear surface. A single thermocouple shall be located in the
center of the disk. Surface temperature shall be estimated, and
total radiation shall be determined from spectrometer,pyrometer,
and thermopile data for each test.
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d. OVERS testing schedule

1962
July Aug Sep Oct Nov Dec
X5026 4 10 20 5 2
X5019 5 10 3 2
Adhesive bonds 5 10 2 2
Second Generation 5 6

1.2.7.2 Material -- X5019

Combined radiation~convection testing of this material shall begin in
August. The test conditions, specimen description, specimen instru-
mentation, and scheduling shall be the same as given for Avcoat X5026
in items 1. 2. 7.1 a-d.

1.2.7.3 Material -- Adhesive Bonds

Combined radiation-convection testing of this material shall begin in
August. The test conditions, specimen description, specimen instru-
mentation, and scheduling shall be the same as given for Avcoat X5026
in items 1.2.7.1 a-d.

1.2.7.4 Second-Generation Materials

Combined radiation-convection testing of this material shall begin in
October., The test conditions, specimen description, specimen instru-
mentation, and scheduling shall be the same as given for Avcoat X5026

in items 1.2. 7.1 a-d.

1.2.8 Materials Response to Simulated Trajectories

Heat shield materials shall be subjected to simulated trajectories and
environments in a modified OVERS facility, These tests shall provide
verification of design calculations and on material performance. The

facility modifications shall be made in three general areas.

Specimens of the heat shield materials
programmed trajectorics. Response shall be monitored bv determlmng
the extent of surface recession, the extent of charring as determined by

-37-



sectioning and by internal thermocouple response, and the backface tem-
perature rise. Surface temperature shall be monitored as a function of
time, and movies shall be taken to establish ablation as a function of time.
Calorimeter tests shall check the programmed environment. Tests shall
be made with combined radiative-convective heat inputs, where appropriate
materials shall be evaluated for performance under a range of simulated
environments characterisitc of the regions of the vehicle for which the use
of the material is contemplated. Most specimens shall be heat shield bond-
structure composites, and the backface and internal temperatures shall be
measured with thermocouples in all tests. Particular attention shall be
paid to the ability of the char layer formed in the initial heating pulse to
servive the cooling and subsequent heating characteristic of the skipout
trajectories.

Data shall be analyzed and compared with predictions based on constant
environment arc exposure tests. Backface and internal temperature time
histories and ablation data shall be compared with heat shield design
program predictions.

1.2.8.1 Material -- Reference X5026
These tests shall begin in July 1962 and continue through February
1964 or as dicated by preliminary results and design requirements.

a. Test description

The following is a listing of test conditions and number of speci-
mens for the materials responsge to simulated typical trajectories,
All tests shall be conducted in a sumulated air atmosphere. There
shall be 7 simulated trajectories with 16 tests per trajectory.

Heat Flux, 20 100 200 200 100 50 80
Btu/ft?sec

F/RT, 700 700 300 200 350 400 250
Time, 0 to 3030 to 6060 to 90|90 to 200|200 to 400{400 to 800|800 to 1200
seconds

b.

Specimen description

Each specimen consists of a 3/4~-inch diameter center inserted in

a le1/2-inch diameter guard ring of the same material,
samples are nominally l-inch long.

The

A 0. 005~inch gap between the

cyclinder and guard ring in which gas stagnates during heating
serves to prevent side heating and ensures one-dimensional heat
flow on the heated specimen surface.
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c. Specimen instrumentation

Each specimen shall contain three internal thermocouples located
at various depths from the front surface. In addition, each
specimen shall have a 1-1/16-inch thick stainless steel disk
bonded to the rear surface.

1.2.8.2 Material -- Avcoat X5019

Tests on this material shall begin in July (see figure 2).

a. Test conditions

The following is a listing of test conditions and number of speci-
mens for the materials response to simulated trajectory tests.
Seven trajectories shall be employed with eight specimens per

trajectory. These test conditions shall be verified at a later date.

Heat Flux, 30 100 200 50
Btu/ft2sec
H/RT, 400 400 300 150
Time,
seconds 0to 40 40to 60 60to 100 100to 130
Number of Specimens 8 8 8 8

b. Specimen description

Same as item 1.2.8. 1-b.
c. Specimen instrumentation

Same as item 1.2.8. 1-c.

1.2.8.3 Material -- Avcoat I

Tests on these materials shall begin in August 1962 (see figure 2).

v
3

est conditions

vl
1
n
~+
tut
13

The following is a listing of test conditions and number of speci-
mens for the materials response to simulated typical trajectory
tests. Seven trajectories shall be employed with five specimens
per trajectory. These test conditions shall be verified at a
later date.
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Heat Flux, 20 100 50
Btu/ft%sec

H/RTO 400 300 150
Time,

seconds 0to 60 60to 90 90to 120
Number of Specimens 5 5 5

b. Specimen description
Same as item 1. 2. 8. 1-b,
c. Specimen instrumentation
Same é.s item 1. 2. 8. 1-c.
1.2.8.4 Material -- Production Lot and Second Generation
Tests on these materials shall begin in August 1962 (see figure 2).
a. Test conditions
Depending on the material involved, simulated trajectories listed
above shall be employed. Eighty-two specimens shall be tested
as shown in figure 2.
b. Specimen description
Same as item 1, 2.9. 1-b.
c. Specimen instrumentation

Same as item 1.2.9, 1-c.

d. OVERS -- Material response to simulated trajectories
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1962
July Aug Sep Oct Nov Dec
X5026 2 10 20 30 30 20
X5019 1 5 10 15 15 10
Avcoat 1I 4 5 10 10 6
Second Generation 1 3 3 3 5
Fasteners and Bonds 1 2 2 2
1963
Jan Feb Mar Apr May June
Production Lots 2 4 4 4 4 4
Second Generation 2
1963 1964
July Aug Sep Oct Nov Dec Jan Feb
Production Lots 4 4 4 4 4 4 4 4
Mar
Froduction Lots 4

1.2.9

Micrometeoroid Impact Tests

A study is being performed to determine the need for a micrometeoroid

shield for the Apollo Command Module,

To achieve this end result and be

in a position to define the need for a micrometeoroid shield or bumper,

impact tests shall be ma

T

da in var

Go 11

ious ballistics ranges, and some aggrava-

tion tests of impacted specimen shall be performed in the arcs on the
specific candidate materials.
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In addition to the ballistics range tests,a limited number of aggravation
tests shall be made. Three pipe tests shall be performed on each candi-
| date material. These pipes shall be made 10-inches long with ID and OD

of 1-1/2 and 3-inches, respectively, The 10-megawatt arc shall be used
for these aggravation tests.
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1.3 MATERIALS PROPERTIES TESTS (See Figure 3)

1.3.1 Laboratory Determination of Thermal Properties

The thermal properties (k versus T, ¢, versus T, heat of combustion) of

proposed Apollo heat shield materials shall be measured experimentally.
These tests shall obtain the physical properties necessary for the evalua-
tion of the heat equations.

Steady-state values of thermal conductively, k , as a function of temperature
shall be measured using a guarded hot plate apparatus. The specific heat,
Cp shall be measured as a function of temperature, using method of mix-
tures apparatus. The heat of combustion shall be determined by Parr Bomb
calorimeter experiments. Where applicable, each of the above three ex-
periments shall be performed according to ASTM and/or MIL SPEC pro-
cedure. The specific heat and thermal conductivity shall be measured
transiently using the Trans-Prop apparatus. Experiments are to be per-
formed on each material in the virgin and fully charred states.

1.3.1.1 The testing began in May 1962 and shall continue as dictated
by design requirements,

a. Test description

The following list the number of specimens to be tested in each
test for (1) thermal properties of the virgin material, (2) char
properties, and low temperature (-260°F) evaluation of thermal

properties,

"~ It assumes that low temperature evaluations of charred material
will not be needed.

1) Test specimens to determine properties of virgin

materials

Material Property Number of Specimens
Avcoat 5026 Thermal Conductivity 81

Specific Heat 114

Heat of Combustion 80
Avcoat II Thermal Conductivity 12

Specific Heat 12

Heat of Combustion 10
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Material

Avcoat X5019

Second Generation

Production

2)
Material

Avcoat X5026

Avcoat II

Avcoat X5019

Second Generation

Production Lots

3)
Material

Avcoat X5026

Avcoat 11

Property

Thermal Conductivity
Specific Heat
Heat of Combustion

Thermal Conductivity
Specific Heat
Heat of Combustion

Thermal Conductivity
Specific Heat
Heat of Combustion

Evaluation of char properties

Number of Specimens

ProEerEz

Thermal Conductivity
Specific Heat

Heat of Combustion

Thermal Conductivity
Specific Heat
Heat of Combustion

Thermal Conductivity
Specific Heat
Heat of Combustion

The rmal Conductivity
Specific Heat

Thermal Conductivity
Specific Heat

12
12
10

50
50
25

80

80
40

Number of Specimens

132
132
65

12
12
12

50
50

80
80

Low temperature evaluation of thermal properties

Proper

Thermal Conductivity
Specific Heat

Thermal Conductivity
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Number of Specimen:




1962

Schedule May June July Aug Sep Oct Nov Dec
Avcoat X5026 k 14 14 14 14 14 7 4

<, 20 20 20 20 20 10 4

H 14 14 14 14 14 7 3
Avcoat II k 3 3 3 2 1

cp 3 3 3 2 1

H, 3 3 3 2 1
Avcoat X5019 k 3 3 3 2 1

% 3 3 3 2 1

H, 3 3 3 2 1
Avcoat X5026 k 15 25 25 25 25 10 7
Char p 15 25 25 25 25 10 7

H, 6 14 14 14 10 4 3
Avcoat X5019 k 3 3 3 2 1
Char p 3 3 3 2 1

H 3 3 3 2 1

[
Avcoat II {Same as Avcoat 5019 Char)
Char
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#*
1962 1963
Schedule Nov Dec Jan Feb Mar Apr May June
Production k 2 4 4 4 4 4 4 4
Lots
p 2 4 4 4 4 4 4 4
1963 1964
July Aug Sep Oct Nov Dec Jan Feb
Production k 4 4 4 4 4 4 4 4
Lots
°p 4 4 4 4 4 4 4 4
1964
Mar Apr May June July  Aug Sep
Production k 4 4 4 4 2
Lots
< 4 4 4 4 2

e~

1.3.2 Materials Qualification--Mechanical Property Tests

This task covers the mechanical property testing of all heat shield materials
through the phases of screening, development, and qualification, and
includes the following:

a. The complete evaluation of a reference formulation of Avco X5026
through preproduction and qualification.

b. The mechanical screening of eight other formulations of Avcoat
X5026 for the selection of best candidates for pre-production tests.

c. The pre-production and qualification testing of the optimized
version of Avcoat X5026.

d. The pre-production and qualification testing of cast Avcoat II,
e. The pre-production and qualification testing of Avcoat 5019,

f. The mechanical testing of bonds and fasteners.

g. Specialized tests such as thermal and mechanical cycling tests
and effect of outgassing in vacua on mechanical properties.

-53- |
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A

h. Continuous screening of product improvement materials.

i, Pre-production and qualification testing of product improvement
materials,

Scheduling provides for evaluation of the reference X5026 formulation for
preliminary design properties plus continuing evaluation of additional for-
mulation variations to lead to an optimum formulation choice for produc-

tion. In addition, simultaneous testing shall continue on two materials for
use on the conical vehicle section.

1,3.2.1 Material -- Avcoat X5026

1.3.2.1.1 Reference formulation of Avcoat X5026--screening
tests

Avco shall select a reference formulation of Avcoat X5026 which
shall be processed through the standard materials selection pro-
cedure. The screening step provides initial data on this reference
material (tile size 12 x 12 x 1 inches).

a) Specimen orientation parallel to bond line

Type of Test Test Conditions Number of Tests
1 Tensile 3Tx5nx1 15
2 Thermal 5n 5
Expansion
3 Moisture 5n 5
: Expansion

b) Specimen orientation perpendicular to bond line

Type of Test Test Conditions Number of Tests
1 Tensile 1Tx5nx1 5
(Ultimate only
at RT)
2 Thermal 5n 5
Expansion
3 Moisture 5n 5
Expansion
Per Batch 40
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T = -100°F, RT, 350°F,

¢ = 0,005

¢} Test condition symbols (also apply to all subsequent
pages) are as follows:

T = Test temperatures
n = Number of tests

€ = strain rate

€ = strain level

o = stress level

T. = cure temperature
t = cure time

1.3.2.1,2 Optimized formulation of Avcoat X5026 -- Pre-screening
tests

Eight additional variations of Avcoat X5026 shall be evaluated in
pre-screehing to provide sufficient data for comparative evalua-
tion in the materials selection procedure (tile size 12 x 12 x 1
inches).

Number of

Type of Test Te st Conditions Tests
Tensile Standard atmosphere, 18

parallel to bond line,
3ITxbnx1

Standard atmosphere
perpendicular to bond

line, 1 Tx3nx1 3
Thermal Standard atmosphere 12
Expansion parallel to bond line,

12n

o

Standard atmosphere
perpendicular to bond line,

6n

Meisture Standard atmosphere 12
Expansion parallel to bond line,
12n
Standard atmosphere 6
perpendicular to bond

line 6n
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Metallography

T

€

-100°F, RT, 350°F,

0. 005.

Per Formulation

24

81

1.3.2.1.3 Optimum formulation of Avcoat X5026 - Screening tests

Three formulations shall be selected from the pre-screening
evaluation for screening to provide preliminary data (tile size:
12 x 12 x 1 inches).

a)

b)

Specimen orientation parallel to bond line

3

Type of Test Test Conditions Number of Tests
Tensile 3T x5nx1 15
Thermal 5n 5
Expansion

Moisture 5n 5
Expansion

Specimen orientation perpendicular to bond line

{1

jev

| w

Tensile l1Tx5nx1
Thermal 5n
Expansion
Moisture 5n
Expansion

Per Batch
T =-100°F, RT, 350°F

LYS
n

0.005

5

40

1.3,2.1.4 Reference formulation of Avcoat X5026--Pre-production

tests

Pilot production of essentially full-size tiles of the reference for-
mulation shall provide material for test from which design data
are obtained (tile size 24 x 30 x 1-1/2 inches maximum--three
configurations)
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a) Specimen orientation parallel to bond line

Type of Test Test Conditions Number of Tests
1 Tension 3T x5nx 3 45
(2 hr/test)
2 Compression 3Tx5nx1 45
(2 hr/test)
3 Torsion 3T x5nx 1 45
(2 hr/test)
4 Thermal 5n 5
Expansion (4 hr/test)
5 Moisture 5n 5
Expansion (2 hr/test)

b) Specimen orientation perpendicular to bond line

1 Tension 1Tx5nx1 5
(Ult. only at RT)
2 Compression 3T x5nx 1 15
3 Thermal 5t 5
Expansion
4 Moisture 5t 5
Expansion
Per Configuration 175
T = -260°F, RT, 500°F

1)

0.005, 0.5, 5.0 in./in. /min.

13

1.3,2.1,5 Optimized formulation of Avcoat X5026 --Qualification

te sting
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the determination of final design properties {
1 inches --three configurations}). Refer to T
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Type of Test Number of Tests
1 Tension -- standard 70
-~ standard 15
2 Compressive -- standard 70
-- standard 15
3  Shear (Torsion)--standard 40
4 Thermal Expansion {(Ambient) 75
(Ambient) 75
5 Moisture Expansion (Ambient) 75
(Ambient) 75
_6_ Flexure -- (Ambient) 2-1/2 hr/test 40
1 Fatigue -- (Ambient) 90
8  Tensile Creep (Long) 36
9  Tensile Relaxation (Long) 36
10 Compressive Creep {Long) 36
Parallel to Bond Line 36
Perpendicular to Bond Line 36

11 Compressive Relaxation (Long)

Parallel to Bond Line 36
Perpendicular to Bond Line 36
12 Tensile Relaxation (Very Short) 96

Per Configuration 952
1.3,2.2 Material--Avcoat Il

1.3.2.2.1 Cast Avcoat II--Pre-production testing

Pre-production testing shall include two processing modifications
tests to provide design data (panel size 12 x 12 x 1/2 inches).
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. RT cure -- Elevated temperature post-cure
Type of Test Test Condition Number of Tests
. 1  Tension 3T x5nx 3 45
2  Compression 3T x5nx1 15
3 Torsion 3T x5nx1 15
4 Thermal 5n 5
Expansion
5 Moisture 5n 5
Expansion
Per Material 85
T =-260°F, RT, 160°F

™~
1l

0.005, 0.05, 0.5

1.3.2.2.2 Cast Avcoat II -- Qualification testing

Qualification testing of seliected material shall provide final design

Number of Tests

Tension -- Standard at 4

Tensile Relaxation (Long Time)

Tensile Relaxation (Short Time)

-- Standard parallel

data. Refer to Tables VII through X.

Type of Test

1

2 Tensile Creep

3

4

5 Compressive
tc Bond Line

6 Compressive
Bond Line)

1 Compressive

8 Compressive

Relaxation (Long Time)

-59.-
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72

72

160

210

210

72

90



Type of Test

Fatigue

Thermal Expansion
Moisture Expansion

Shear (Torsion)--Standard

Per Material

1.3.2.3 Material -- Avcoat X5019

Number of Tests

90
30
30
210

1536

1.3.2.3.1 Avcoat X5019 -- Pre-production testing

Pre-production testing for Avcoat X5019 shall be the same as for
Avcoat II, paragraph 1.3.2.2.1

1.3.2.3.2 Avcoat X5019 -- Qualification testing

Qualification Testing shall provide final design data. Refer to
Tables XI through XIV.

jeo

|

jon

|o~

| =3

| oo

Type of Test
Tension -- Parallel (to
laminations) -- Stand --

Perpendicular standard

Tensile Creep (Long Time)
Tensile Relaxation (Long Time)
Tensile Relaxation (Short Time)
Compressive -- Parallel --
Standard
Perpendicular--Standard
Compressive Creep (Long Time)
Compressive Relaxation (Long

Time)

Torsion -- Parallel -- Ambient
_60-
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Number of Tests

70

15

36

36

36

70

15

36
36

36

40



Type of Test Number of Tests
9 Thermal Expansion -- 75
Parallel-- Perpendicular 75
10 Moisture Expansion -~ 75
Parallel--Perpendicular 75
11 Flexture 40
12  Fatigue 45

Per Material 847
1.3.2.4 Mechanical Fasteners and Bonding

1.3.2.4.1 Screenin& of mechanical fasteners

For two X5026 formulation reference and cptimized, ten of the
most promising available fastener designs will be mechanically
screened in tension and shear at room temperature only.

Type of Test Test Condition Number of Tests
1 Tensile 1ITx5nx1 5
testing rate
2  Shear 1T x5nx1 5

testing rate

Per Material/Per 10
Fastener

1.3.2.4.2 Qualification of fasteners

As the result of screening tests of ten fasteners, two will be
qualified at temperature from -260° to 1000°F for both X5026
materials.

Type of Test Test Condition Number of Tests
1 Tension ST x 5n 40
_2_ Shear ST x 5n 40
Per Fastener 80
-61-
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1.3.2.4.3 Screening of adhesives

Eight different adhesives will be screened on one substrate.

Type of Test Test Condition Number of Tests
1 Tension 1Tx5nx 3 15
Surface Prepara-
tions
2  Shear 1T x5nx 3 15
Surface Prepara-
tions
Per Adhesive 30

1.3.2.4.4 Optimization of bond techniques and curing cycles

To determine the maximum efficiency of the three adhesives
selected in the previous section, various curing cycles will be
investigated to include three cure temperatures, and three cure
times on one surface preparation. Surface preparations have been
previously selected. This will be performed for two materials,
Avcoat X5026 and Avcoat II or Avcoat X5019.

Type of Test Test Conditions Number of Tests

Tension 3Tx5nx 3 405
3T x 3t x1
c
substrate

J—

Shear 3Tx5nx 3 405
Adhesives
3Tc x 3tC x 1
Substrate

LY

Per Material 810

= -260°F, RT, 350°F.
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1.3.2.4.5 Qualification of adhesives

Qualification tests of adhesive bonds will be performed over the
temperature range from -260° to 1000°F,

Type of Test Test Condition Number of Test

1 Tension 8T x5nx1 40
Adhesive x 1
Substrate

E_ Shear 8T x5nx1 40
Adhesive x 1
Substrate
Per Adhesive 80

The effect of thermal cycling on the bond will be determined by
programming the desired temperature~time history into the sub-
strate material using rapid heating rate techniques. The bond
line will be examined by nondestructive techniques, thenevaluated
in shear at RT destructively.

Tests will be performed to establish order-of-magnitude heat
shield and the metallic substrate.

Type of Test Test Condition Number of Test
Tensile Creep -3T x 30 x 1 Adhesive x1 9
Substrate
Tensile ~-3T ¢ 3¢ x 1 Adhesive ¢ 1 9
Substrate
Per Material 18

1,3.2.5 Special Tests

2 [~ | 1r

i.3.2.5.1 Vacuum te

n

ting feasibility study -- Testing

This covers the testing support of a subcontract study to be con-
ducted by the National Research Corporation's Research Division
on the equipment and material problems involved in simulation
of altitude-temperature conditions during mechanical property
testing. It includes the determination of vacuum equipment
limitations, the deterioration of properties with outgassing, as
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well as the outgassing characteristics of the pertinent shield
material under simulated temperature-pressure conditions.
Optimization of in vacua test techniques and time-pressure-
temperature cycling will be a natural outgrowth of the task.

1.3.2.5.1.1 Simulated testing

The vacuum chamber facilities of NRC's Research Division
shall be used for this program because of NRC's experience,
facilities, delivery capability, and close proximity to Avco
RAD.

Avcoat II, X5019, and one formulation of X5026 shall be eva-
luated for outgassing and half-life characteristics at different
temperature levels. The volume and outgassing sources of
the NRC chamber used in these tests shall approximate as
closely as possible those anticipated in a postulated custom-
designed chamber, that is adaptable to a universal test
machine and incorporates the necessary mechanical and
instrumentation features.

Evaluation of material degradation with time shall be made
by weight loss and limited mechanical testing after exposures.

Comparative evaluation of time-pressure-temperature out-
gassing curves shall be made to determine pressure limitations
of the equipment as well as aid in optimizing thermal cycles.

A comparison of property test results conducted in both (a)
vacua and (b) environmental chambers under similar time-
temperature conditions will aid in resolving:

1 The importance of pressure simulation for future
tests, and

2 The degree of correlation that can be achieved be-
tween the two types of test environment.

1.3.2.5.1.2 Preparation of material and development of
testing techniques

Standard-size test specimens of the pre-selected formulations
shall be prepared and tested as individual and multiple bar
loadings in the chamber. The anticipated fragility of degraded
specimens will require the use of simple bar designs and the
development of strain-measuring techniques for charred or
partially charred materials,
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1.3.2.5.2 Avcoat X5026 thermal and mechanical cycling tests in
tension and compression

The stress-strain curves obtained under equilibrium conditions at
various levels: e.g., 900°, 600°, 300°, and 77°F, shall be used
to determine the maximum strain levels which shall be achieved
in the mechanical cycling.

The following procedure shall be employed to determine the effect
of low cycle tension and compression fatigue on the behavior of
Avco X5026.

a) The specimen shall be brought to temperature at the
maximum possible rate and stabilized at the desired level,
then strained to one-third of the yield stress (as previously
determined). It shall be held at this constant strain and the
relaxation characteristics determined for a pre-selected
length of time. After this time, the specimen shall be un-
loaded and the amount of permanent deformation determined.

b) The temperature of the specimen shall then be cooled to
the next level and stabilized; loaded to one-third of the yield
strain (as determined for this temperature level) and held for
the same length of time as in (a) for the relaxation curve.
The specimen shall then be uniocaded as before, ncting the
amount of permanent deformation, if any,

c) The same procedure shall be followed down to 77°F, at
which temperature the specimen shall be strained to failure
upon completion of the cycling.

d) The same procedure shall be followed on other specimens,
loading them to two-thirds of the yield strain and at the yield

strain.

e) The same procedure in its entirety shall be followed in
compression.

1.3.2.6 Product Improvement Materials

The procedures and tests for screening, pre-production, and qualifi-

cations testing for product improvement materials shall be the same
as presented in paragraphs 1.3.2.Z2 through 1.3.2.4.

-65-
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TABLE II
MECHANICAL PROPERTIES TO BE DETERMINED
FROM EACH TYPE OF TEST
Tensile:

Elastic modulus (E, ), proportional limit (Fep ), yield stress (Fy, ), ultimate
stress (F,, ) and strain (¢, ), Poisson's Ratio (), and stress/strain curve,

Compression:

Elastic modulus (Ec), proportional limit ( Fcp), yield stress (Fey)s ultimate
stress (Feu) and strain (¢ ), Poisson's Ratio (), and stress/strain curve,.

Torsion:

Modulus of rigidity (G), yield stress ( Fgy), ultimate shear stress (Fgy)s torque
(T), and torque versus twist angle curve.

Tensile Creep:

. I3 4‘t 3 .
Minimum creep rate 3 , Creep rupture stress, and strain/time curve.
“min
Compressive Creep:
dec
Minimum creep rate , and strain/time curve.
*min

Tensile Relaxation:

do
Relaxation rate( t) » relaxation time (t, ), residual stress, and stress/strain
curve. t

Compression Relaxation:

do
c .
Relaxation rate < " ), relaxation time (t, ), residual stress, and stress/strain
curve, t

Fatigue:

S-N curves, and endurance limit (S¢).

Thermal Expansion:

Coefficient of thermal expansion (a), transition temperature (’rg), and strain-
temperature curve,
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TABLE II (Concl'd)

Moisture Expansion:

Strain-time curve.
Flexure:

Proportional limit (Fpp), modulus of rupture [flexura.l strength (FFU)J, clastic
modulus (Ep), and maximum strain (ep max)"
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TABLE III

SPECIMENS USED FOR THE MECHANICAL EVALUATION OF
AVCOAT X5026-TYPE MATERIALS

Number Specimen Remarks
1 Tensile
TS-101-2 Shoulder type; 2.13-inch reduced section
tapered.
TS-110-1 UTS only; Total length 0.875 inch or greater;
Bonded to EM-01400 aluminum studs.
2 Compression
TS-202 3/4-inch diameter by 1-1/2 inches long.
3 Tensile Creep
TS-101-2 Shoulder type; 1.125~inch reduced section
tapered.
4 Compressive
Creep
TS-202 3/4-inch diameter by 1-1/2 inches long.
5 Tensile
Relaxation
TS-101-2 Shoulder type; 1.125-inch reduced section
tapered.
6 Compressive
Relaxation
TS-202 3/4-inch diameter by 1-1/2 inches long.
7 Torsion
TS-404 6 inches long by 3/4-inch wide by 1/2-inch
thick.
8 Flexure Refer to ASTM-D790
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TABLE III (Concl'd)

Number Specimen Remarks
9 Moisture and
Thermal Strain
TS-301-1 1/2-inch diameter by 5 inches long.
TS-301-2 1/2-inch diameter by 4 inches long.
10 Fatigue

TS-407-1 Tension only; Total length = 5. 00 inches.
TS-407-2 Complete reversal; Total length = 3,75

inches.
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TABLE 1v

MINIMUM NUMBER OF TESTS/CONDITION/CONFIGURATION FOR THE EVALUATION OF
COMPRESSIVE CHARACTERISTICS OF AVCOAT X5026 (INCLUDING CREEP AND RELAXATION)

Test Std. Atmos.
Spec.
Type of Temp. . pec . Test Rate Justification and Remarks
Test op Orientation
0.005 ] 0.5 ]5.0
Compressive -260 | Parallel to 5 5 5 1. Compressive properties versus temperature under standard
-100 | bond line 5 atmospheric pressures in direction parallel to bond line for
RT 5 5 5 design use.
250 5
350 S 5 5
500 5
750 5
1000 5
-260 | Perpendicular 5 1. Compressive properties versus temperature under standard
-100 | to bond line 5 atmospheric pressures in direction perpendicular to bond
RT 5 line for design use.
250 s
350 5
500 5
750 5
1000 5
Stress or
Strain Level
oy g, g3
Compressive -260 | Parallel to 4 4 4 1. Compressive creep properties for use in storage and trans-
Creep RT | bond line 4 4 4 portation environment control.
(Long Time) 350 4 4 4
2, Temperature range may be altered as required.
3. Stress levels to be selected from standard compressive tests.
GI 0’2 03
-260 | Perpendicular 4 4 4 Same as parallel to bond line.
RT | to bond line 4 4 4
350 4 4 4
(l (2 €3
Compressive -260 | Parallel to 4 4 4 1. Compressive relaxation properties for use in storage and
Relaxation RT | bond line 4 4 4 transportation environment control,
(Long Time) 350 4 4 4
2, Temperature range may be altered as required,
3. Strain levels to be selected from standard compressive tests.
€ € €3
-260 | Perpendicular 4 4 4 | Same as parallel to bond line.
RT | to bond line 4 4 4
350 4 4 4
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TABLE V

MINIMUM NUMBER OF TESTS/CONDITION/ CONFIGURATION FOR THE EVALUATION OF
TENSILE CHARACTERISTICS OF AVCOAT X5026 (INCLUDING CREEP AND RELAXATION)

Type Test Std. Atmos.

of Temp. Spec. Test Rate Justification and Remarks
Test °F Orientation 0.005 0.5]5.0

Tensile -260 Parallel
-100 to bond
RT line
250
350
500
750
1000

5 5 1. Tensile properties versus temperature in standard
atmospheric pressures in directions parallel to bond
5 5 line for design use.

(SRR RN TR TN BT Y}
v
[

wm
—

-260 Perpendicular Spot checking of tensile properties at varient temperatures
-100 to bond line in standard atmosphere for the determination of any severe

RT 5 weaknesses in directions perpendicular to bond line.
250
350 5
500
750
1000

Stress or
Strain Levels
o1 G2 | 93

Tensile Creep| -260 Parallel 4 4 4 1. Extent of long time tensile creep characteristics for use in
{Long Time) RT to bond 4 4 4 storage and transportation environment control.
350 line 4 4 4 2. Temperature range may be altered as required.
3. Stress levels to be selected from standard tensile tests.
€ 219
Tensile -260 Parallel 4 4 4 1. Extent of long time tensile relaxation characteristics for
Relaxation RT to bond 4 4 4 use in storage, transportation, and in determining the effect
{Long Time) 350 line 4 4 4 of faatener nresaurea,
2. Temperature range may be altered as required.
3. Strain levels to be selected from standard tensile tests.
N %2 | %
Tensile -260 Parallel 4 4 4 1.  Tensile relaxation after very short loading times are
Relaxation -100 to bond 4 4 4 required for basic viscoelastic analyses,
{Short Time) RT line 4 4 4 2. Strain levels to be selected from standard tensile tests.
250 4 4 4
350 4 4 4
500 4 4 4
750 4 4 4
1000 4 4 4
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TABLE VI

MINIMUM NUMBER OF TESTS /CONDITION/CONFIGURATION FOR THE EVALUATION OF TORSION, THERMAL AND
MOISTURE EXPANSION, FLEXURE, AND FATIGUE CHARACTERISTICS OF AVCOAT X5026

Type of
Test

Test
Temp.

Specification
Orientation

Ambient

Justification and Remarks

Torsion

=260
-100

250
350
500
750
1000

Parallel to
bond line

(LT IC T BT BT

1. Basic shear characteristics versus temperature under standard
pressures for design use.

Thermal
Expansion

-260
to
1000

Parallel to
bond line

75

1. At least one test per panel for determination of T8 variations as well
as o variations,

-260
to
1000

Perpendicular to
bond line

75

Same as parallel to bond line,

Moisture
Expansion

100
96
50

Parallel to bond
line

75

1. Inexpensive means of determining extent of moisture effects. If
effects are excessive, additional tensile properties shall be
determined as a function of moisture.

100
96
50

Perpendicular to
bond line

75

Same as parallel to bond line.

Flexure

~260
-100

250
350
500
750
1000

Parallel to bond
line

[E T BT T IR T B I

1. Flexure characteristics versus temperature under standard
atmospheric conditions for design use.

2. Of secondary importance; performed to determine whether any gross
weaknesses occur in bending.

Fatigue

-260
-100

250
350
500
750
1000

Parallel to bond
line

30

30

30

1. Fatigue characteristics versus temperature for design use. In
brittle material such as Avcoat X5026, effect of porosity and stress
concentrations could be of extreme importance for failure prediction.

-72-




TABLE VII

SPECIMAN TYPES USED FOR THE MECHANICAL EVALUATION

OF CAST AVCOAT 11

Specimen Remarks

TS-106 Tapered (0.005 inch) ASTM Type I -~ Flat (2-inch gage
length). Tensile specimens for low strain rates (0. 05 and
0. 5)'

TS-112 Untapered ASTM Type I -- Flat (2-inch gage length).
Tensile creep and relaxation specimens.

TS-108 Tapered (0.005 inch) -- Flat (1-inch gage length),
Tensile specimens for high strain rate (4.0 in, /in. /min),
fatigue, and impact,

TS-202 3/4-inch diameter by 1/4-inch thick discs.
Compression, compression creep, and relaxation
specimens,

TS-202 3/4-inch diameter by 1-1/2 inches long.

Compression specimens (6 discs 1/4-inch thick stacked
and bonded together).

TS-404 6 inches long by 3/4-inch wide by 1/2-inch thick (gage
section turned to 0.505-inch diameter). Torsion
specimen,

TS-405 3 inches long by 3/4-inch wide by 1/4-inch thick flexure
specimens,

TS-302 5 inches long by 1/2~inch wide by 1/4-inch thick thermal

and moisture expansion specimens,
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TABLE XI

SPECIMENS USED FOR THE MECHANICAL EVALUATION
OF AVCOAT X5019

Number Specimen Remarks
1 Tensile
TS-107-1 For pre-flight evaluation of material
samples from vehicles (thickness <0, 500 mg)
TS-104-1 Threaded; 1. 25-inch reduced section.
TS-104-2 UTS perpendicular to laminations; total
length 1. 38 inches.
2 Compression
TS-202 3/4-inch diameter by 1-1/2 inches long.
3 Shear
TS-402 For shear strength of laminates.
4 Tensile Creep
TS-104-1 Threaded; 1. 25-inch reduced section.
5 Compressive
Creep
TS-202 3/4-inch diameter by 1-1/2 inches long.
6 Tensile
Relaxation
TS-104-1 Threaded; 1. 25-inch reduced section,
7 Compressive
Relaxation
TS-202 3/4-inch diameter by 1-1/2 inches long.
8 Torsion
TS~104 6 inches long by 3/4-inch wide by 1/2 inch
thick,
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TABLE XI (Concl'd)

Number Specimen Remarks
9 Flexure Refer to ASTM-D790,
10 Moisture and
Thermal Strain

TS-301-1 1/2«inch diameter by 5 inches long.

11 Fatigue
TS-407-1 Tension only; 5. 00inches total length.
TS-407-2 Complete reversal; 3,75 inches total length
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TABLE XII

MINIMUM NUMBER OF TESTS/CONDITION/CONFIGURATION FOR THE EVALUATION OF TENSILE CHARACTERISTICS
OF AVCOAT X5019 {INCLUDING CREEP AND RELAXATION}

Std. Atmos.

Test
f . .
Type o Temp. .SPEC . Test Rate Justification and Remarks
Test op Orientation
0,005 | 0.5 } 5.0
Tensile ~-200 | Parallel to 5 5 5 1 Tensile properties versus temperature in standard atmos-
-100 | laminations 5 pheric pressures in directions parallel to laminations for
RT 5 5 5 design use.
150 5
200 5 5 5
260 5
400 5
500 5
-200 | Perpendicular 5 1. Spot check of tensile properties at variant temperatures in
-100 | to laminations standard atmosphere for the determination of any severe
RT 5 weaknesses in directions perpendicular to laminations.
150
200 5
260
400
500
Stress or
Sirain Level
0, 0. | 0,
H 2 3
Tensile Creep -200 | Parallel to 4 4 4 1 Extent of long time tensile creep characteristics for use in
{Long Time) RT laminations 4 4 4 storage and transportation environment control,
200 4 4 4
2. Temperature range may be altered as required.
3. Strain levels to be selected from standard tensile tests.
€1 (2 53
Tensile -200 | Parallei to 4 4 4 1 Extent of long time tensile relaxation characteristics for
Relaxation RT laminations 4 4 4 use in storage, transportation, and in determining the effect
(Long Time) 200 4 4 4 of fastener pressures.
4. ‘femperature range may be altered as required.
3. Strain levels to be selected from standard tensile tests.
9 %2 | %3
Tensile -200 | Parallel to 4 4 4 1 Tensile relaxation after very short loading times are
Relaxation RT laminations 4 4 4 required for basic viscoelastic analyses,
(Short Time) 200 4 4 4
2, Strain rates to be selected from standard tensile tests,
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TABLE XIII

MINIMUM NUMBER OF TESTS/CONDITION/CONFIGURATION FOR THE EVALUATION
OF COMPRESSIVE CHARACTERISTICS OF AVCOAT X5019

Type Test Std. Atmos,
of Temp. Spec. Test Rate Justification and Remarks
Test °F Orientation 0.005 [ 0.5 [ 5.0
Compressive | -~200 Parallel S 5 5 1. Compressive properties versus temperature under standard
-100 to laminations 5 atmospheric pressures in directions parallel to laminations
RT 5 5 5 for design use.
150 5
200 5 5 5
260 5
400 5
500 5
=200 Perpendicular 5 1. Compressive properties versus temperature under standard
=100 to laminations atmospheric pressures in directions perpendicular to
RT 5 laminations for design use.
150
200 5
260
400
500
Stress or
Strain Level
o g, | o3
Compressive «200 Parallel to 4 4 4 1 Compressive creep properties for use in storage and
Creep RT laminations 4 4 4 transportation environment control.
(Long Time) 200 4 4 4 2. Temperature range may be altered as required.
3. Strain levels to be selected from standard compressive
tests,
9 %% 19
-200 Perpendicular 4 4 4 Same as parallel to laminations.
RT to laminations 4 4 4
200 4 4 4
€ € | €
Compressive -200 Parallel to 4 4 4 1 Compreasive relaxation properties for use in storage and
Relaxation RT laminations 4 4 4 transportation environment control.
{Long Time) 200 4 4 4 2. Temperature range may be altered as required.
3. Strain levels to be selected from standard compressive tests.
€ (Z €3
-200 Perpendicular 4 4 4 Same as parallel to laminations.
RT to laminations 4 4 4
200 4 4 4
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1.4 STRUCTURAL TESTS (See Figure 4.)

1.4.1 Composite Beam and Panel Tests

Avco shall conduct structural development tests of composite beams and
panels subjected to heating and loading conditions (refer to Table XV).
Typical heat-shield specimens shall be subjected to hot soak and cycling
conditions from 1000°F to room temperature, and transient temperature
conditions representative of ascent and re-entry environments. Tempera-
ture soak and cycling shall be conducted in a heated chamber. Transient
temperature shall be obtained by infrared quartz lamps. Test specimens
shall consist of single ablator tiles, composite beams, composite panels,
and lapped tiles mounted on a substructure. These tests shall substantiate
strength of the tile design under conbined loading, and the data shall be used
to substantiate mathematical analyses used for design. Composite panels
and lapped tiles mounted on the substructure shall be tested at soak condi-
tions of 200, 400, and 600°F, as well as under transient temperature
conditions with a normal pressure load representing air loads, Additional
tests will substantiate strength of the tile design under combined loading
effects.

1.4.2 Mechanical Fastener Tests

Avco shall test various mechanical fasteners which are under consideration
for tile attachment design to evaluate tensile and shear strengths over the
complete temperature range (refer to Table XV). Further shear and ten-
sile tests shall be made of the fastener selected for final design to establish
guaranteed design properties. Tests shall be conducted in a temperature-
controlled chamber which is mounted on a universal testing machine.

1. 4.3 Cold Soak Ablator and Composite Panel Tests

Aveco shall conduct structural development tests of ablator and composite
tiles in a chamber providing cold temperature soak and cycling. Specimens
shall consist of ablator tiles, composite beams, composite panels, and
lapped tiles mounted on a substructure. Indication of heat-shield failure
and measurements of temperature gradients and substructure strain shall
be obtained to indicate gross thermal stress effects, and to substantiate
the mathematical analyses used in design. Additional tests of composite
panels and lapped tile panels shall be subjected to cold soak and cycling
and uniform pressure loading representative of aerodynamic load. These
tests shall substantiate the strength of the tile design under combined
environments,
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1.4.4 Acoustic Tests

Avco shall test composite panels consisting of a honeycomb substructure
under acoustic environment. Accelerometers shall be used to measure
response frequency and deflections. These tests will indicate fatigue and
fastener stress concentration problems during critical acoustic environ-
ment.

1,4.5 Mechanical Vibration Tests

Avco shall perform mechanical vibration tests of a composite panel under
critical design vibration and shock environments. Six types of vibration
tests shall be performed: (a) resonance survey to determine natural fre-
quencies of the panel, (b) sinusoidal vibration as defined by specifications,

(c) random power spectral density as defined by specifications, (d) shock
loads as defined by specifications, (e) combined sinusoidal and random vibra-
tion at room temperature, and (f) combined sinusoidal and random vibra-
tion at extreme temperature environments. These tests will indicate

fatigue and fastener stress concentration problems by imposing critical
environments to typical heat-shield specimens.

1.4.6 Structural Evaluation of Turbulent Pipe Tests

Avco shall test pipes of heat-shield material in the Avco 10-megawatt arc
facility to measgure thermal gradients and heat-shield stresses produced
by re-entry heating. The data shall be used with a mathematical analysis
of the pipe to estimate high temperature mechanical properties to be used
in the design.

1.4,7 Structural Verification Tests

After final tile design is complete and heat shields are available from the
production process, Avco shall perform verification tests of three typical
sections of composite heat shield. To verify the heat-shield capabilities,

the three portions of the vehicle shall be subjected to the critical design

environments as shown in Table XVI,
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1.5 FLIGHT INSTRUMENTA TION DEVELOPMENT TESTS (See Figure 5)

The tests presented in this section are in support of development of instrumenta-
tion for the flight test of the ablative heat shield.

1.5.1 Sensor Calibration Tests and Performance Evaluation

Thermocouple performance evaluation encompasses calibration, thermo-
electric stability measurements, and transient performance under simulated
re-entry heating conditions. Thermocouple calibrations shall be performed
in the Avco RAD precision temperature calibration facility. Resistance-
heated furnaces with stabilizing blocks shall be used in the intermediate
temperature range while an optical pyrometer calibration facility shall be
employed above 3000°F. NBS-calibrated platinum thermocouples and tung-
sten strip lamps are available as comparison standards. Repeated temper-
ature cycling shall be accomplished in an apparatus designed specifically
for studies of this type. The evaluation program shall include studies of
coating interactions, oxidation effects, and vibration effects. Extensive use
shall be made of X-ray, chemical analysis, and metallographic facilities in
these investigations.

Plasma arc testing in the OVERS and Model 500 arcs shall be employed to
check the performance of thermocouples installed in the ablating heat shield
materials. Time-temperature histories obtained with chromel-alumel and
tungsten-rhenium thermocouples shall be corrected for conduction errors,
and these measurements then used to deiermine heat flux, location of the
ablation surface, thermal properties, and surface temperature and emissiv-
ity. The results shall be correlated with optical measurements made dur-
ing the test.

The performance of the calorimeter shall be evaluated in the presence of
ablative products as well as in a clean environment. The design of the rear
surface between the calorimeter plug and the adjacent materials shall be
investigated to determine an optimum arrangement for ensuring essentially
adiabatic conditions at the backface.

The calorimeter performance shall be conducted in the Model 500 arcs as
well as a clean arc such as OVERS. The calorimeters shall be calibrated
against water-cooled calorimeters, and this calibration compared with
analytic predictions based on known calorimeter geometry and thermal prop-
erties. Performance evaluation and calibration under simultaneous connec-
tive and radiative heating shall be included.

Calorimeter surface emissivity measurements shall be determined both
inside and outside the plasma arc. The effect of heat input due to oxygen
recombinations at the calorimeter surface shall be investigated by employing
calorimeters having surfaces which are both catalytic (metal) and non-
catalytic (metal oxide).
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1.5.2 Sensor Development Testing

Development testing is performed on all components (both purchased and
designed in house) to ensure adequacy of design.

1.5.3 Static Tests

"Static' or bench testing is performed on all instruments. The purposes of
these tests are to determine such parameters as sensitivity, resolution,
offsets, drift, repeatability, and overall accuracy. These tests consist of
subjecting the specimen to simulated or real input functions,then measuring
and evaluating the response.

1.5.4 Environmental Tests

Environmental testing is performed to ensure that the instrumentation shall
survive and operate properly under the expected environmental conditions.
In some cases, this consists of providing an input function and monitoring
the output, while the unit is being subjected to critical environmental ex-
tremes of temperature, shock, vibration, pressure, radio-frequency fields,
and power supply variation. In other modes of tests, the unit under test is
calibrated before, and checked after, exposure to these environments.

1.5.5 Heat Pulse Simulation Tests

The heat pulse simulation testing is accomplished in the plasma arc facility.
Samples of the heat shield material are instrumented with the flight instru-
mentation under evaluation. The response of the equipment is evaluated
with standard laboratory instrumentation at heat inputs determined by the
expected flight environment.

1.5.6 Effects of Space Environment on Instrumentation

Studies shall be conducted to determine the effects, on instrumentation, of
the space environment, including vacuum, solar photon radiation, and the
solar proton wind. Cosmic radiation and micrometeoroid effects shall also
be considered.

A vacuum system capable of vacua in the below 10-9mm Hg range, with pro-
vision for introduction of simulated solar photon radiation and the solar
proton wind, is to be employed. This system consists of a large (200-liter)
chamber, evacuated by a 1000 liter/sec electronic pump. Instrumentation
samples will be placed in the chamber for evaluation of their behavior, dur-
ing and after the environmental exposure.

Effects of cosmic radiation and micrometeoroids shall be studied theoreti-
cally.
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1.5.7 Char Sensbr

To provide accurate measurement of the char depth, the resistance of the
char layer must be determined. A logarithmic amplifier shall be utilized
to convert the resistance of the sensor to a d-c potential which is propor-
tional to the resistance. The d-c voltage shall then be displayed on a quick-
look direct-writing oscillograph for preliminary evaluation. This d-c volt-
age shall also be monitored by the existing data acquisition system for the
purposes of automatic data reduction and time correlation with the arc
parameters. Since sensors shall be tested in pairs, it shall be necessary
to supply each sensor with separate excitation to avoid loss of data, if one
sensor malfunctions. A 10-step calibrator shall be designed to simulate
the expected resistance range of the sensor. This shall be used to calibrate
the amplifier, oscillograph, and magnetic-tape systems prior, and subse-
quent, to each test. During these tests, a group of thermocouples shall be
installed in the test sample to provide accurate temperature versus char
data.

1.5.8 Gamma-Ray Ablation Sensor

A scintillation counter and a count rate meter shail be utilized in conjunction
with cineradiography to evaluate the performance of the gamma-ray ablation
sensor. As the sensor ablates, the radioactive sources are carried away
by the plasma stream. Each time a source leaves the sensor, a decreasing
step in the counts per second is experienced. This change in count is con-
verted to a change in d-c voltage at the output of the count rate meter and
is displayed on an oscillograph recording, and is also supplied to the data
acquisition system. The cineradiographic equipment, using X-rays, shall
provide a visual time history of the ablating surface and the carrying away
of radioactive sources. A time generator shall be employed to giveaccurate
time correlation between the cineradiographic equipment and the acquis-
ition system.

1.5.9 Temperature Sensor

These temperature sensors shall be evaluated using a known temperature
reference junction with measurement data supplied to both an oscillograph,
for quick-look information, and to the existing data acquisition system.
The use of a reference junction precludes the necessity of running long
thermocouple wires from the test sample to the data sysiems.
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2.0 QUALIFICATION TESTS

A detailed qualification test program plan is a separate documentation requirement.
This section outlines the testing as presented in the detail plan (see figure 6).

2.1 QUALIFICATION TEST OF MATERIAL PANELS

Qualification testing of the material panels for the Apollo vehicle shall be con-
ducted to demonstrate that the ablation material, bond,and manufacturing proc-
esses are suitable for use on the full-scale heat shield. The test program is
intended to demonstrate that the chosen ablation materials and bond have the
operational capability to withstand the expected environments of pre-flight,
flight, earth orbit, lunar, translunar, and cislunar environments, as well as
entry, earth landing, and recovery. The testing program will make use of the
environmental testing facilities at Avco RAD, to determine the effects of envi-
ronments, singly and in appropriate combinations on the panels. The order of
effort will be as follows:

2.1.1 Test Procedure

Test procedures shall describe the course of action to be followed in
evaluating the item under test to include (a) applicable documents, (b) specify
sequence and intensity of all environments to be applied, (c) specify the num-
ber of samples, (d) means of holding or fastening the samples to laboratory
equipment, (e) proposed methods of data handling and analysis, (f) laboratory
facilities required, and(g) a proposed schedule of operation.

2.1.2 Evaluation

This portion of the detail program plan shall include:(a)procurement of
test items, (b) the design and fabrication of fixtures, (c) scheduling of lab-
oratory operations, (d) pre-environmental, environmental, and post-envi-
ronmental testing, (e) utilization of failure analysis facilities, and(f) col-
lection of data,

2.1.3 Reporting

This phase of the task will continue throughoutthe conductof atestas needed,
In the event of failure or change, up-to-date technical releases shall be
issued to inform design, fabrication, testing, and other responsible per-
sonnel of progress. Following the completion of a testing program, a
final report shall terminate the evaluation of the part, assembly, or com-
plete data collection system with a complete documentation of the history
of the item under test. This final document shall state recommendations
for improvement of reliability, and the suitability of the test item for use

-92-




ONILSTL NOILLVOIAITVAD 9 2andig

ocloelve]ce]ec] e Jog|6c]Be[Z2][9¢]6e velcz[zelz]oclelleifioifcijei[ei]e]it]oile[8lz]olclvlel |
$96l €961 296]
aInNJols]v]r[r]wWlvIw]d]rfalNfO[S]V TrlrJWIvVIwW]I]rlaIN[O[S]V] el WIVIWT 3P

Suyss ] uoneSIIND Pud;

-93.

a[NJoTsTv]r[rwly[wld]r o_z_o_m:_: c[wlvlw[a]rla]n]Jo[s[v]r

c{wlvIw[a]r

SUOTIIPUOY) JRIUAUUOITAUY 7
suonpud)d WAL 1
BToTaS 1090 |

wayshg ajardwon ¢
swa)sAsqng ¢
sjusuodwio) ‘]

~—moTreTTsTITITS |

880014 fdul
«injoejnuey ‘¢

Burpuog ‘2
TetasleN ‘1
—s1eueg |
Burysa] uonsesijifeny urdog———————
of [celveleelecl iclogfeg[Belle] 9e]ge velszelze L clozlelleiziJoi]ci]wi[etfeiTifoifefs] s o[ v[elecll
961 €961 2961
GINJOJSIVITICIWIVYIW][J]CD QIN[OISIV]rTIr[WIVvIW]d]F OIJNJOISIVIC]IrTWIVIANIA] P




in the Apollo vehicle. Design coordination activities shall be reflected in
standard failure reports, technical releases, monthly progress reports,
and upon completion of the program, with a formal final qualification test
report.

2.2 QUALIFICATION TESTING -- INSTRUMENTATION

Qualification testing shall be conducted to determine by laboratory tests, the
suitability and adequacy of component, subsystems, and systems for use in a
flight test vehicle.

Certain select numbers of each of these units shall be subjected to a series of
operational and environmental tests specified in a detail specification typical
of what may be expected before and during actual flight. The performance of
the units, under these conditions, shall then be evaluated and reports covering
the results issued. Upon successful completion of the series of tests, a cer-
tificate of qualification shall be issued. In the event of failure, a failure re-
port shall be issued. Throughout the testing, up-to-date technical releases
shall be made.

Sensors and associated equipment that shall be used in flight tests of the Apollo
vehicle for evaluation of the Avco-constructed heat shield that shall be qualified
are as follows:

Test Quantity Item

Gamma-Ray Ablation Sensors

Char Sensors

Count Rate Meters

Power Supplies

Resistance Thermometers
Thermopiles

Calorimeters

Reference Wells

Pressure Monitors (Potentiometer-type)
Pressure Monitors (Alphatron-type)
Junction Boxes

Instrumentation Tester

= 00 00O 00 OO 00 QO OO © 00 Q

The evaluation of each item shall follow the sequence described in the previous
section; i. e., test procedure, evaluation, and test report.
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2.3 QUALIFICATION TEST OF FULL-SCALE HEAT SHIELD

The full-scale heat shield of this test vehicle shall be qualified during the
qualification test of the command module by NAA/S&ID. This test shall be a
joint effort, and shall be supported in a manner consistent with the require-

ment of the program.

The qualification test of the full-scale heat shield shall demonstrate whether
the heat shield is capable for performance of its required function before,
during, and after exposure to the environmental simulation of actual flight
conditions. The tests for simulation flight conditions shall be contained in a
separate document, qualification test procedure for the full-scale heat shield,
In addition, this plan shall specify the data requirements, the instrumentation
to be used, and the proposed method of data analysis. Special instrumentation
shall be included to monitor the test and record data on those components for
which Avco shall be responsible.
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3.0 RELIABILITY DEMONSTRATION TESTS

A reliability demonstration plan has previously been submitted. It establishes
and outlines the test program plan to be implemented as the reliability demon-
stration plan for the Apollo heat shield, (see figure 7).

Experimental verification of the reliability of the ablative heat shield panels and
attachment to the substructure is to be determined by

1. Manufacture of test panels.

2. Bonding of one-half of the test panels,

3. Nondestructive testing of both bonded and unbonded panels.

4. Destructive testing of a portion of both bonded and unbonded panels.

5. Environmental testing, less re-entry conditions, of both bonded and
unbonded panels.

6. Nondestructive testing of environmentally tested panels.
7. Destructive testing of environmentally tested panels.
8. Simulated re-entry of environmentally tested panels.
A more detailed description of the reliability tests may be found in the Apollo

Heat Shield Reliability Plan, PartIIIB. Reliability Demonstration, dated 5 June
1962, Avco RAD-SR-62-99.
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4.0 FLIGHT TESTS

Avco shall participate in the flight tests of the Apollo vehicle in the areas of
system test operations plus launch operations and field support, relative to the
heat shield and any Avco-supplied instrumentation sensors (see figure 8).

4.1 SYSTEM TEST OPERATIONS

The Avco participation in the flight test program is restricted to the flight test
effort related to evaluation of the heat shield. Within this general area, Avco
shall evaluate the required instrumentation and provide program support, and
data processing and evaluation.

4.1.1 Test Objectives

The Avco flight test objectives are
a. Verification of the heating environment,
b. Determination of the heat shield material performance,
c. Verification of the analytical ablation model,

d. Verification of the heat shield structural integrity during all flight
phases.

4,1,2 Technical Plan

Avco shall assist NAA/S&ID in planning the flight test program for the
orbital re-entry vehicles to provide heat shield qualification for this mission.
This area of planning shall also include specification of measurements re-
quired by Avco for this evaluation, but which are assigned to be supplied

by NAA/S&ID for other purposes also. For example, vehicle dynamics,
vibration, strain measurements, and acoustical noise data, as well as

range data, such as atmospheric conditions and tracking, fall into this
category.

4,1.3 Post-Flight Data Reduction

Avco shall provide post-flight data reduction for ablation data, char meas-
urements, material temperature, and calorimeters. In addition, this re-
duction shall be provided for pressure and backface temperature measure-
ments. Specific assumptions for the format of data to be supplied to Avco
are as follows:
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a. All data to be furnished on magnetic tape or on punched cards in
IBM floating point format,

b. NAA/S&ID shall define:
1) Ascent trajectory.
2) Orbital parameters.
3) Re-entry trajectory.
c. NAA/S&ID shall provide the following aerodynamic data:
A time history of the stagnation point in terms of vehicle body
axis (in other words, a time history of the vehicle angle of attack

and angle of side slip).

d. Time histories of the following data shall be provided (magnetic-
tape format assumed):

1) Pressures.

2) Material temperatures.
3) Calorimeters.

4) Backface temperatures.

4.1.4 Data Environment and Analysis

Avco shall provide flight test data evaluation for the earth orbital flights
insofar as the evaluation of the heat shield is concerned. The specific ef-
fort to be performed is outlined below:

a. Post-flight analysis of specimens from the recovered heat shield
(visual, X-ray,ultrasonic, chemical analysis, metallographic analysis,
char-layer analysis, and bed strength analysis).
b. Heating
1) Ascent
For the ascent portion of the flight, it is considered that the ve-
hicle will be ablating and, therefore, the time requirements for

analysis will be similar to that of a regular re-entry. In essence,
pressure and calorimeter data shall be used to define the cold-wall
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heating pulse; hot-wall corrections shall be applied, and then, the
ablation and conduction program shall be used to determine the
influence of the effective heating pulse on the heat shield material.

2) Re-entry heating

For the re-entry phase, analyses similar to those conducted for
ascent shall be accomplished. The estimates assume that the
re-entry velocity is sufficiently low to preclude nonequilibrium
radiation.

3) Orbital phase

The orbiting phase of the flight is somewhat of a problem from a
standpoint of thermodynamic analysis. The ground rules specified
indicate that approximately 17 orbits per day will occur for a
period of 14 days, which would yield a total of 238 orbits. To
analyze the heat pulse for each orbit would be an extremely costly
procedure. Therefore, it was assumed that 10 orbits would be
evaluated per flight, and only a general review of the thermody-
namic data on all other orbits would be conducted.

c. Structure

It is assumed that NAA/S&ID wi 11 provid
corrected for all spurious eiiec
function of time for the re- entry and ascent portions of the flight.
These data would be utilized for comparison to the output of the ther-
mal stress program, (This program has as an input the temperature
profile through the material and produces the strain history for a given
point in the heat shield or support structure.)

rduced form

ented as a

ented

d. Vibration and Loads

It is assumed that NAA/S&ID will provide sufficient data to define the
inertial loading environment for the heat shield during the ascent and
re-entry portions of the flight., In addition, it is assumed that pertinent
vibration data would be provided in plotted form in standard vibration
analysis terms (i.e., g square per cps as a function of frequency).

The vibration and loading information would be compared to the heat
shield design criteria to assure that the specifications involved in the
heat shield design agree with the fli

(N

4.2 LAUNCH OPERATIONS AND FIELD SUPPORT

Avco participation in the launch operations and field support shall be primarily
in two areas: (a) The checkout of any Avco-supplied instrumentation sensors,
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and (b) inspection and checkout of the heat shield prior to launch. In addition,
it is planned that a technical liaison representative shall be provided at NAA/
S&ID during the period that the completed command module is undergoing sys-
tems installation. This representative will provide technical liaison during the
period of systems installation insofar as the heat shield may be involved.

Avco shall provide field test support at AMR for checkout of Avco-supplied in-
strumentation and of the heat shield prior to flight. A field crew will be pro-
vided in a facility to be supplied by NAA/S&ID or NASA and this crew will pro-
vide the necessary field checkout, maintenance, repairs, or other technical
liaison between Avco and NAA/S&ID during the period of field checkout opera-
tions. In addition, logistics support will be supplied, engineering coordination,
configuration control, and necessary liaison and support.

4.2.,1 Scope

The scope of the Avco field support is based on the following assumptions:
a. All handling and checkout of the vehicle other than that specifically
related to the heat shield and Avco-supplied instrumentation will be
provided by NAA/S&ID.
b. NASA or NAA/S&ID-supplied facilities will be utilized and space
will be supplied for the Avco team of approximately three engineers
and five technicians.
c. No field support is planned at sites other than AMR.
d. Only flight test vehicles are included in the launch operations and
field support plan, Support of the environment, static test, or other
test articles is not planned.
e. Only minor field repairs can be made within the scope of the pro-
gram plan., Replacement of a complete heat shield tile is considered
a major repair and is specifically not included as a field operation.
f. Recovery site support is not planned, and the post-flight opera-
tions to be performed by Avco are defined under the systems test op-

erations under section 4. 1.

g. No extensive facility items or special test equipment will be re-
quired.

h. Avco shall perform a transducer system checkout independent of
the telemetry system.
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i. Access to instrumentation and cabling is permissible for checkout
and repair/replacement purposes. Disassembly of the capsule and
removal of the inner capsule may be necessary; the responsibility for
capsule disassembly and re-assembly lies with NASA and/or NAA/S&ID,

jo NASA and/or NAA/S&ID will perform a systems checkout of Avco
transducers through the capsule telemetry. Avco shall provide such

support as required for sensor stimulation only.

4,2.2 Instrumentation

The testing, checkout, and calibrating which Avco shall perform on the
instrumentation system shall ensure compliance of the transducer system
with established requirements. This shall be accomplished independently
of the capsule telemetry system, either by direct access to the individual
components or through a junction box. The following determinations shall
be made:

a. The resistance of each transducer.
b. The ratio of each transducer setting.
c. The isolation of each transducer from ground.

Items or system which fail test, and the data which are considered a prime
objective, shall be repaired or replaced to the extent possible.

Additionally, Avco shall obtain a record of the reduced data obtained from
Avco transducers through the capsule telemetry system. They shall be
analyzed to ensure intersystem compatibility and signal-to-noise ratio.
Avco shall provide assistance via sensor stimulation, advisory support,
and test monitoring capacities only. Telemetry power, signal reception
and recording, and data reduction shall be the responsibility of the system
contractor., Avco shall provide only minor equipment for these purposes,.

4,2.3 Heat Shield

The testing and re-work which Avco shall perform on the heat shield shall
consist of:

a. A comprehensive visual inspection of the heat shield. Particular
emphasis shall be placed on determination of the existence of cracks,
abrasions, and other degradations, Re-work capability and operations
shall be limited to filling of minor cracks, and to repainting of scuffed
areas. Major repainting, or the replacement of tiles may be accom-
plished at the factory only.
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b. An ultrasonic inspection of the bond between the heat shield and
the structure. Existing pulsed-echo techniques shall be used for this
purpose to the extent possible. However, since the heat shield-echo-
transmission characteristics are not fully defined or known at this time,
new equipment and techniques may be required.

c. Eddy-current test devices may be employed to determine the

amount of moisture absorption. Standard equipment and techniques
are currently deemed practical.
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5.0 END-ITEM ACCEPTANCE TESTS

A detailed end-item acceptance test planhasbeen prepared and submitted to
NAA/S&ID as a separate documentation.requirement. This section is a sum -
mary of this document,

Comprehensive receiving inspection and in-process inspection test programs
shall be conducted to provide valuable inspection records for review when the
end-item tests are performed on a 100 percent basis, Some end-item tests
which cannot be performed on the fully assembled end items, shall be con~
ducted as part of the in-process tests.

Acceptance test for each end item shall consist of the following:
1. A thorough visual examination of the item.

2. Drawing conformance check shall be performed consisting of mechan-
ical inspections and a fit check,

3. Nondestructive tests shall be conducted, including radiographic tests,
ultrasonic tests, eddy-current (RADAC) tests, and dielectric tests.

4. The mass parameter of weighi shall be checked.

5. Electrical and functional tests shall consist of dielectric strength,
insulation resistance, continuity of transducers and associated cables,
voltage output, and calibration verification.

6. Environmental tests shall be performed to simulate temperature,
humidity, and vibration environments. These tests shall assure integrity
of the heat shield material, instrumentation and wiring, and the bonding
strength,
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6.0 SPECIAL TEST EQUIPMENT

The detail requirements for additional special test equipment to support the
Apollo Program together with complete descriptions and utilization are con-
tained in the document numbered Avco RAD-MS-62-78, Formal Application For
Special Test Equipment, dated 11 June 1962.

A summary list of special test equipment and use is shown in section 6.1. The
required installation to meet the program requirements schedules are shown

in section 6.2. The establishment of the special test equipment shall involve
the adaptation and modification of existing equipment, as well as the design

and construction of additional items. Insofar as is practical and economical,
standardized components shall be utilized inthe fabrication and assembly of special
test equipment as indicated in the referenced detailed descriptions.

-106-




Item No.

o~

10

11

12

Quantity

1

[y

cN

92

6.1 COMPLETE LIST OF REQUIREMENTS FOR SPECIAL TEST EQUIPMENT

Desc riEtion

Modifications of Vacuum Chamber (Increased
Capability)

Use: Development, qualification,and acceptance
testing of large material samples

Thermal and Moisture Expansion Test Equipment
Use: Determination of expansion and contraction of
heat shield materials with changes in temperature
and humidity

Special Testing Equipment, Ultrasonics

Use: Develop procedures to facilitate quality of
bond, control of molding process,and acceptance
testing

Gerber Digital Reader Model GDDRS-3B~-1 with IBM
12 Position Output Writer
Use: Obtain data in digital form automatically

Panel Loading Fixture
Use: Loading of composite panels

Lapped Tile Panel Loading Fixture
Use: Loading of lapped tile composite panel

Loading Fixtures (Proof Tests)
Use: Simulation of flight loading to entire sections

Heating Fixtures (Proof Tests)
Use: Heating of entire sections to simulate critical
design conditions

Displacement Transducer (LVDT)
ne deflection of composite panels

Convective and Radiative Heat Transfer Rate Distribu-
tion
Use: Simulate re-entry conditions at various angles
of attack
-107-
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Item No.

13

14

15

16

17

18

19

20

21

Quantity

1

De scriEtion

Solar Absorptivity Thermal Emittance Ratio System
Use: Measure ratio of solar absorptivity to thermal
emittance

Laminar and Turbulent Pipe Tests
Use: Connection of vacuum system into the 10-
megawatt arc facility

Vacuum Pump Oil Reclaimer
Use: Reclaim contaminated vacuum pump oil

Simulator for Programmed Re-entry
Use: Modify OVERS facility to permit programmed

simulation of radiative and convective heat flux

Radiation Simulator

Use: Superposition of radiative heat flux on convective

heat flux produced by existing OVERS facility

High Temperature Thermocouple Fabrication
Use: High temperature operation in ablating
materials

Low Pressure Sensor Calibration
Use: Calibration of the low pressure sensor

Weight and Center-of-Gravity Fixture '
Use: Weigh and determine center of gravity of
vehicles

Char and Ablation Sensor Testing

Use: To provide approximate instrumentation, to
facilitate evaluation of sensor operation.
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